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The construction industRY is based on age old skills where 'man' has been the builder 
and is coupled to his creative ability and skilled craftsmanship. This significant 
dependency on human resources continues to this day and thus the success of the 
construction industry is linked to making effective use of the human resources 
through training programmes. The research presented in this thesis investigates the 
use of expert systems in such management training programmes. 
The work described in this thesis includes a literature survey in chapter 2 on different 
aspects of human resources management with particular emphasis on management 
training and learning styles. Chapter 3 presents the results and analysis of the civil 
engineering and management practices survey, which was carried out during this 
research. The survey focused mainly on management training and attitude towards 
computer technology within the construction industry. Expert systems as a branch of 
artificial intelligence is discussed in chapter 4, where an assessment of the usefulness 
of using expert systems in different areas of construction management is carried out. 
Research methodology and techniques of knowledge acquisition applied in this 
research are presented in chapter 5. The process of the different stages in the 
development of the contract and safety management expert system is presented in 
chapter 6, which further describes the structure in which the system was designed. 
Finally, in order to assess the usefulness of the expert system tool developed, a 
summative evaluation is carried out. This evaluation examines many factors 
including attitudes towards computing, human-computer interaction, knowledge base 
i 
design, use of expert system for training and expert system evaluation tests. 
Evaluation results and analysis are presented in chapter 7. 
It is concluded that there is certainty about the importance of management training in 
the construction industry. Developing expert systems for such training can be used 
as an aid tool in many training programmes. The choice of the development tool is 
considered to be an important function in this research in order to achieve the 
anticipated results by utilising the available resources. Evaluation of different shells 
was carried out against the criteria mentioned in chapter 4 and CRYSTAL 4.5 was 
chosen as the tool to be used in this research. During the development of the expert 
system, CRYSTAL 4.5 proved to be flexible and fast in structuring the knowledge 
base. The research also revealed the importance of the evaluation as an essential 
element of any systematic training program. Results obtained from the contract and 
safety management expert system evaluation (70% in favour of using expert systems 
for training) suggested that most trainees managed to grasp the subject information. 
Only a minority of trainees experienced difficulties during the training program. 




This thesis is the result of research work undertaken in the Department of Civil and 
Environmental Engineering at the University of Edinburgh for the degree of Doctor 
of Philosophy. 
I declare that all the work in this thesis has been carried out by myself unless 
otherwise stated, and the thesis has been composed by myself under the supervision 
of Dr. D. A. Ponniah and Mr T. W. Gore. 
iii 
ACKNOWLEDGEMENTS 
My appreciation is due to my Supervisors. Dr D. A. Ponniah, of the Department of 
Civil and Environmental Engineering, Mr T. W. Gore, Honorary Fellow of the 
Department of Civil and Environmental Engineering, and Dr H. Macleod, of the 
Department of Psychology, University of Edinburgh. 
I am grateful to the professionals and undergraduates who responded to my 
questionnaire. Without their help, this study would have been impossible. 
The author thanks the technical staff of the Department of Civil and Environmental 
Engineering who all contributed to this thesis. In particular, Mr N. McWilliam and 
Mr C. B. Burnside. Thanks are also due to Dr H. Lahlouh who. through the course of 
this project, provided assistance in many areas of work. 
Special thanks are also due to my parents for their support throughout the course of 
this research. Finally, not forgetting my little daughter Turaya who gave me so much 




My Father and Mother 
V 
PUBLISHED PAPERS 
The following papers were published by the author in collaboration with my 
supervisors during the course of this thesis: 
"Computing and the Construction industry". Structural Survey, Volume 12, Number 
4, PP. 10-14, 1994, (appendix H). 
"A window on management training within the construction industry". Structural 







PUBLISHED PAPERS vi 
CONTENTS vii 
CHAPTER 1 INTRODUCTION 
1.1 INTRODUCTION 1 
1.2 AIM OF THIS THESIS 5 
1.3 THE OUTLINE OF THE THESIS 6 
CHAPTER 2 MANAGEMENT TRAINING AND 
DEVELOPMENT 
2.1 INTRODUCTION 8 
2.2 THE CONCEPT OF TRAINING AND 8 
DEVELOPMENT 
2.3 PERSONNEL MANAGEMENT 10 
2.4 TRAINING AND HUMAN RESOURCES 14 
DEVELOPMENT 
2.4.1 The importance of training 18 
2.5 TRAINING AND HUMAN RESOURCE 19 
MANAGEMENT 
2.5.1 Identifiing required skills 21 
2.5.2 Determining required training 22 
vii 
2.5.3 Setting training objectives 24 
2.5.4 Systematic training 24 
2.6 COMPUTER BASED TRAINING 28 
2.7 EVALUATION OF TRAINING 31 
2.8 LEARNING STYLES 33 
2.9 SUMMARY 36 
CHAPTER 3 CIVIL ENGINEERING AND 
MANAGEMENT TRAINING 
3.1 INTRODUCTION 38 
3.2 OBJECTIVE OF SURVEY 38 
3.3 SURVEY STRUCTURE 39 
3.4 DESIGN OF QUESTIONNAIRE 40 
3.4.1 Selection and Sampling 40 
3.4.2 Analysis of questionnaire response 41 
3.4.2.1 Company age 43 
3.4.2.2 Company turnover 43 
3.4.2.3 Respondent age 45 
3.4.2.4 Civil engineering experience 45 
3.4.2.5 Company experience 46 
3.5 MANAGEMENT TRAINING 47 
3.5.1 Individuals attending management training 47 
3.5.2 Companies participating in management 55 
3.6 ATTITUDES TO COMPUTING 59 
3.6.1 Importance of computers for management 59 
3.6.2 Importance of computer comfort ‘62 




CHAPTER 4 EXPERT SYSTEMS 
4.1 INTRODUCTION 67 
4.2 EXPERT SYSTEMS 68 
4.2.1 Principles of expert systems 69 
4.2.2 Elements of expert systems 71 
4.2.3.1 Architectural variations 76 
programs 
fields 
4.2.6 Knowledge representation 80 
4.2.6.1 Rule based 81 
4.2.6.2 Object oriented 81 
4.2.6.3 Logical-based 82 
4.3 EXPERT SYSTEM SHELLS 83 
4.3.1 Types and features of expert system shells 84 
4.3.2 Comparison with other development tools 85 
4.4 EXPERT SYSTEM AND THE 87 
4.2.3 Expert system architecture 74 
4.2.4 Expert systems and other algorithmic 78 
4.2.5 Integration of expert systems with other 79 
CONSTRUCTION INDUSTRY 
4.4.2 Examples of the use of expert systems in 91 
4.4.1 Areas suitable for expert systems 88 
construction 
4.5 SUMMARY 93 
CHAPTER 5 METHODOLOGY 
5.1 INTRODUCTION 94 
5.2 CHOICE OF APPROPRIATE SHELL 95 
5.3 LITERATURE SURVEY 98 
5.4 CHOICE OF SAFETY AND CONTRACT 98 
MANAGEMENT 
5.5 BUILDING OF EXPERT SYSTEM 99 
5.6 KNOWLEDGE ACQUISITION AND ITS 99 
TECHNIQUES 
ix 
5.6.1 Functions in knowledge acquisition and its 101 
5.6.2 Knowledge elicitation using personal 102 
related problems 
construct technology 
5.6.3 The diagnosis of knowledge 105 
5.6.4 Artificial Intelligence and knowledge 106 
5.6.5 Technique of knowledge acquisition applied 107 
in the research 
5.6.5.1 Documents 107 
5.6.5.2 Video 109 
5.6.5.3 Interviews 109 
5.6.5.4 Mixed methods 1 1 1  
5.7 EVALUATION OF EXPERT SYSTEM 112 
5.8 METHODS USED TO ANALYSE INDIVIDUAL 117 
RESPONSE 
5.9 SUMMARY 118 
CHAPTER 6 BUILDING THE KNOWLEDGE-BASED 
EXPERT SYSTEM 
6.1 INTRODUCTION 120 
6.2 CHOICE OF A DEVELOPMENT TOOL 120 
6.3 CHOICE OF CONSTRUCTION 121 
MANAGEMENT ASPECTS 
6.4 DESIGN OF THE ( CONTRACT AND SAFETY 122 
MANAGEMENT ) EXPERT SYSTEMS 
STRUCTURE 
6.5 KNOWLEDGE-BASE STRUCTURE 124 
6.6 DESIGN OF EXPERT SYSTEM EVALUATION 127 
TESTS 
6.7 DESIGN OF EVALUATION QUESTIONNAIRE 128 
6.8 SUMMARY 128 
X 
CHAPTER 7 ANALYSIS AND DISCUSSION 
7.1 INTRODUCTION 130 
7.2 CONTRACT MANAGEMENT EXPERT 131 
7.2.1 Attitudes towards computing 13 1 
SYSTEM TOOL 
7.2.2 Human computer interaction 134 
7.2.3 Knowledge base design 136 
7.2.4 Expert system for training 138 
7.2.5 Expert system evaluation tests 142 
7.2.6 Trainees knowledge of contract 144 
management 
7.3 TOTAL QUESTIONNAIRE RESPONSES 145 
7.3.1 Trainee's average response to contract 147 
7.3.2 Total response of each trainee 149 
7.3.3 Expert system evaluation results 152 
7.3.4 Correlation of questionnaire response 153 
management questionnaire 
with expert system evaluation tests 
7.4 SAFETY MANAGEMENT EXPERT SYSTEM 156 
TOOL 
7.4.1 Attitudes towards computing 157 
7.4.2 Human computer interaction 160 
7.4.3 Knowledge base design 161 
7.4.4 Expert system for training 162 
7.4.5 Expert system evaluation tests 165 
7.4.6 Trainees knowledge of safety management 167 
7.5 RELATION BETWEEN DIFFERENT 169 
SECTIONS OF QUESTIONNAIRE 
7.5.1 Trainees average response to safety 170 
7.5.2 Total response of each trainee 172 
7.5.3 Expert system evaluation results 174 
7.5.4 Correlation of questionnaire response with 177 
management questionnaire 
expert system evaluation tests 
7.6 FACTOR ANALYSIS 181 
7.7 SUMMARY 187 
xi 
CHAPTER 8 CONCLUSIONS AND FURTHER WORK 
8.1 INTRODUCTION 189 
8.2 RESEARCH ACHIEVEMENTS 189 
8.3 RECOMMENDATION FOR FURTHER 192 
RESEARCH 
REFERENCES 194 
Appendix A Al -A96 
Appendix B B1 - B 5  
Appendix C C1 - C17 
Appendix D D1 -D85 
Appendix E E l  - E 5  
Appendix F F1 -F18 
Appendix G G1 - G 8  
Appendix H Publication 
xii 
List of Figures 
Figure 2.1 The process of planned training 10 
Figure 2.2 Systematic training programme model 27 
Figure 3.1 Full distribution of companies ages 43 
Figure 3.2 Turnover of contractors and consultants 44 
Figure 3.3 Age of respondents 44 
Figure 3.4 Years of civil engineering experience 45 
Figure 3.5 Years of respondents experience with companies 46 
Figure 4.1 Some areas of artificial intelligence 67 
Figure 4.2 Basic concept of an expert system function 70 
Figure 4.3 A possible problem and knowledge domain 71 
relationship 
Figure 4.4 Architecture of An expert system 75 
Figure 4.5 Black board model 77 
Figure 4.6 Production system model 78 
Figure 5.1 Out line of research methodology 96 
Figure 5.2 Flow of control in PEGASUS 104 
Figure 6.1 Expert system flow chart 123 
Figure 7.1 Trainees responses to general attitudes towards 134 
computing 
Figure 7.2 Trainees responses to the human computer interaction 135 
Figure 7.3 Trainees response to knowledge base design 139 
xiii 
Figure 7.4 Trainees responses to the use of expert system for 
training 
141 
Figure 7.5 Trainees response to expert system evaluation tests 143 
Figure 7.6 Trainees responses to knowledge of contract 144 
management 
Figure 7.7 Questionnaire evaluation ( trainee G) 147 
Figure 7.8 Average response of trainees to contract management 148 
questionnaire 
Figure 7.9 Histogram of trainees responses to contract 149 
management questionnaire 
Figure 7.1 O Correlation of trainees questionnaire response with 153 
their expert system general level evaluation scores 
Figure 7.1 1 Correlation of trainees questionnaire response with 154 
their expert system basic level evaluation scores 
Figure 7.12 Correlation of trainees questionnaire response with 154 
their expert system intermediate level evaluation 
scores 
Figure 7.13 Correlation of trainees questionnaire response with 155 
their expert system advanced level evaluation scores 
Figure 7.14 Correlation of trainees questionnaire response with 155 
their expert system combined evaluation scores 
Figure 7.15 correlation of trainees response of questionnaire 156 
sections with their expert system evaluation scores 
Figure 7.16 Trainees responses to general attitudes towards 159 
computing 
Figure 7.17 Trainees responses to aspects of human computer 160 
interaction 
Figure 7.18 Trainees responses to the knowledge base design 163 
section 
Trainees responses to the use of expert system for 
training 
Figure 7.19 164 
xiv 
Figure 7.20 Trainees responses to the expert system evaluation 166 
tests 
Figure 7.2 1 Trainees responses to knowledge on safety 168 
management 
Figure 7.22 Questionnaire evaluation (trainee C) 171 
Figure 7.23 Average response of trainees to safety management 172 
questionnaire 
Figure 7.24 Histogram of trainees responses to safety management 173 
questionnaire 
Figure 7.25 Correlation of trainees questionnaire responses with 177 
their expert system general level evaluation scores 
Figure 7.26 Correlation of trainees questionnaire responses with 178 
their expert system basic level evaluation scores 
Figure 7.27 Correlation of trainees questionnaire responses with 178 
their expert system intermediate level evaluation 
scores 
Figure 7.28 Correlation of trainees questionnaire responses with 179 
their expert system advanced level evaluation scores 
Figure 7.29 Correlation of trainees questionnaire responses with 179 
their expert system combined level evaluation scores 
Figure 7.30 Correlation of trainees response of questionnaire 180 
sections with their expert system evaluation scores 
Correlation of trainees questionnaire marks and expert 
system results 
Figure 7.3 1 1 8 I 
xv 
List of Tables 
Table 3.1 Total response to questionnaire 41 
Table 3.2 Management training by age (Consultants) 50 
Table 3.3 Management training by age (Contractors) 51 
Table 3.4 Management training by years in industry 52 
(Consultants) 
Table 3.5 Management training by years in industry 52 
(Contractors) 
Table 3.6 Management training by years with company 53 
Table 3.7 Management training by years with company 54 
(Consultants) 
(Contractors) 
Table 3.8 Management training by engineers 55 
Table 3.9 Company participation by age (Consultants) 57 
Table 3.10 Company participation by company age 57 
(Contractors) 
Table 3.1 1 Company participation by size (Consultants) 58 
Table 3.12 Company participation by company size 58 
(Contractors) 
Table 3.13 Importance of computers for management by 60 
age (Consultants) 
Table 3.14 Importance of computers for management by 61 
age (Contractor) 
Table 3.15 Importance of computers for management 62 
Table 3.16 Computer comfort by age (Consultants) 63 
Table 3.17 Computer comfort by age (Contractors) 64 
xvi 
Table 3.18 Computer comfort by engineer 65 
Table 7.1 Questionnaire sections 130 
Table 7.2 Summary of contract management analysis 133 
Table 7.3 Correlation between trainees responses to 146 
sections of questionnaire 
Table 7.4 Individual trainees final marks 150 
Table 7.5 Groups final mark (%) 151 
Table 7.6 Group of trainee's expert system evaluation 152 
tests scores 
Table 7.7 Summary of safety management analysis 158 
Table 7.8 Correlation between trainees responses to 169 
sections of questionnaire 
Table 7.9 Trainees final questionnaire marks 175 
Table 7.10 Trainees expert system evaluation scores 176 
Table 7.11 Questions which weighed most heavily on 181 
184 
each factor 
The factor structure of trainees responses 
behaviours 
Table 7.12 
Table 7.13 Factors definitions 185 
xvii 
Chapter 1 Introduction 
1.1 Introduction 
The construction industry of Great Britain is unique, it is a large and highly diverse 
sector of industrial activity. It has literally built Britain, and its monuments are 
around for all to see. The construction industry is one of the few industries able to 
produce goods that increase in value over time. unlike the majority of other products 
that begin to depreciate immediately from the time of purchase. In addition to 
providing investment. it offers a wide range of employment to all strata of society. 
For many years there has been concern that the construction industry is not making 
full In a survey carried out by the 
Construction Industry Training Board (1988), in relation to the management training 
needs within the construction industry, it was found that management skills were 
lacking and if quality and a better level of productivity was to be achieved much 
more training was required. The benefits of this would be significant in an industry 
dependent to a great extent on its labour force. 
use of managing its human resources. 
Hughes (1990), argued that there has been some recognition of these shortcomings in 
training but evidence suggests that little training took place in the past, in comparison 
to some other industrialised countries. This was confirmed by a number of surveys 
who collectively had a considerable impact on the consciousness of the construction 
industry (Coopers, 1985; Industrial Society, 1985; Mangham and Silver, 1986; 
Handy, 1987; Constable and McCormic, 1987). This added to an increasing 
awareness of the importance of change and the key role which training had played in 
helping that process. 
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Encouragingly, recent surveys in the early 1990s (Brewster and Hegewisch, 1993) 
reveal that companies seem to be taking training more seriously. The Price 
Waterhouse Cranfield Project Survey indicated that training and staff development is 
the leading issue for most personnel departments across Europe. including the UK. 
This growing awareness of the importance of training over the past period is also 
supported by reports that employers are spending more in aggregate terms on training 
activities (Training Agency, 1989). Ryan (1991), however explained that the 
measurement of training expenditure is still very much a controversial issue and 
figures which do exist are very much open to question, interpretation and political 
manipulation. Other commentators share the view of Professor Richard Layard who 
states that: "The tragic reality is despite all the rhetoric about new initiative, real 
expenditure in off-the-job vocational education and training has if anything fallen 
over the past five years" (Williams. 1993). 
Bass (1966) has defined training as a systematic modification of behaviour through 
learning which occurs as a result of education, instruction development and planned 
experience. Learning has been further defined by Nadler (1983) as a relatively 
permanent change in behaviour that occurs as a result of practice or experience. 
Training encompasses any attempt to improve current or future employee 
performance by increasing through learning an employee's ability to perform. This 
can take place usually by increasing the employee's skills and knowledge to remove 
deficiencies that cause employees to perform at less than the desired level in any 
organisation. Training enables employees to be much more productive, to reduce the 
learning time for employees starting in new jobs, displacements or promotions, and 
ensures that they become fully competent as quickly and economically as possible. 
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Bently (1991) suggested that the main role of training and development is ensuring 
that the organisation has the people with the correct mix of attributes to provide 
appropriate learning opportunities. motivating people to learn. and enabling them to 
perform at the highest level of quality and service. 
Bently (1991), suggested further that the particular objectives of training are: 
( i ) To develop the competence of employees and improve their performance; 
( ii ) To help people grow within the organisation in order that human 
resource plans can be met within the organisation. 
The construction industry is striving to improve the training and development of its 
management and labour force. Changing technologies, increased competition and the 
requirements of a well trained labour pool have spurred this need. It has also been 
recognised that with training and development comes higher productivity, higher 
profit, improved quality, lower operating cost, more reliable estimates, greater 
problem solving ability, more productive teams and better internal and external 
communication skills. Further there is the increasing realisation that a skilled labour 
force is the construction industry's most precious resource and the skills of all 
construction workers, be they managers, designers or others, need continuous up 
grading and updating (Imbert, 1991). 
This is what is known today as human resource development. Such development is 
not only essential for successful construction management but also has effects which 
reach far beyond the construction industry and influences economic planning policy, 
making technological progress and the provision and distribution of resources 
required for construction. 
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Very large companies are often self sufficient in training resources. They tend to 
provide a range of standard courses for the lower levels of management and to put all 
their managers through these at appropriate times. These courses are always in house 
and usually given by their own employees with occasional use of specialist external 
consultants. Senior managers are treated more selectively and training is provided 
according to their need. 
Medium sized companies provide a certain amount of management training on a 
more ad-hoc basis and less frequently. They use a mixture of in house courses 
usually put on by specialist consultants and external courses. Small companies do 
virtually no formal management training preferring either to develop management 
skills by gradually increasing the level of responsibility or recruit managers with 
appropriate skills as the need arises (Ireland, 1990). 
Some of the training problems are associated with releasing people for training. Most 
companies prefer the short duration courses. They do not consider it is feasible to 
run courses at the week-end to avoid conflict with the normal working week, except 
for senior management whose commitment is generally greater. 
Most companies prefer in house training courses specially tailored to their own needs 
and many of the companies who provide training choose to work with consultants in 
developing custom-built courses rather than send people on external courses. 
In recent years the construction industry has begun to exploit advances in computer 
related technology. Companies have been making use of systems based training. 
Such systems involve the creation of four main elements. These are a comprehensive 
context sensitive help system, training information, and tutorials, simulations and 
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exercises that make use of the working system. The training team has to work 
closely with the systems development group. The work in such systems will involve 
advice on screen design, the writing of all the messages that will be accessed by users 
(this will replace the need for users manuals and guides) and the production of initial 
learning information. The information from the monitoring system will be used to 
give people an idea of how well they are performing with suggestions for more 
training or alternative working methods. 
1.1 Aims of this thesis 
With the attempt to examine the different aspects of training management in the 
context of human resource management the aims of this thesis are therefore defined 
as : 
( i ) To identify the concept of training management in human resource development 
with special reference to construction management training and to conduct a survey 
to this effect; 
( ii ) To investigate expert systems application in construction management and the 
review of different systems shells that would be appropriate for building training 
expert systems; 
( iii ) To introduce an expert system as an effective tool to manage construction 
management training; 
( iv ) To develop a management training model using an expert system shell. 
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( v ) To investigate the viability of such a model to be fully developed and then 
implemented in the real life situation. 
The work presented in this thesis has been carried out to meet the above aims. 
1.2 The outline of the thesis 
The main text of the thesis consists of eight chapters. While this chapter is intended 
to give a brief introduction to the research background and the thesis, the remaining 
seven chapters can be presented as follows : 
Chapter 2 gives a comprehensive review of the major theories and research work 
which provide the knowledge basis and theoretical background to management 
training and the use of computational training in this field; 
Chapter 3 illustrates the results and analysis of the survey which has been carried out 
as part of this research to give the author an understanding of the current situation in 
management training and the attitudes to computer technology within the 
construction industry; 
Chapter 4 gives a comprehensive review of the literature in expert systems and its 
applications in the construction industry; 
Chapter 5 examines the methodology that is employed in this present research, 
explaining how the research was conducted from start to finish; 
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Chapter 6 describes the different stages of building the construction management 
expert system; 
Chapter 7 reviews the methods for the evaluation of the expert system, and presents 
the analysis and discussion of the expert system evaluation which was carried out in 
this research; 
In the last chapter of the thesis, chapter 8, the research findings are concluded and 
discussed. Topics for future research are also recommended. 
The main text of this thesis is followed by the appendices which present the sample 
questionnaire that was used in the survey in chapter 3, the evaluation tables and 
results and the expert system evaluation questionnaire tables of results. Finally the 
appendices will contain a copy of the contract and safety management expert system 
that was developed in this research. 
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Chapter 2 Management Training 
and Development 
2.1 Introduction 
This chapter reviews the concepts and theories of human resource development. 
paying special attention to management training which is relevant to the research 
work presented in the thesis. Recent developments in human resource management 
and management training are reviewed, and the background to the present research is 
discussed. 
2.2 The concept of training and development 
Training can be defined as an organised process concerned with the acquisition of 
capability or the maintenance of existing capability. Training in industry has a 
specific purpose, it should provide experience which develops the behaviour of 
employees in the areas of skills, knowledge and attitude ( Hamblin, 1974). Langford 
and Newcombe (1992) stated that education and training should be clearly defined 
and not to be confused with the management development functions within the 
organisation. The Manpower Services (1981) Commission, which was set up by the 
1973 Employment and Training Act until it was replaced in 1988, defined training 
as: "A planned process to modi@ attitude, knowledge or skill behaviour through 
leaning experience to achieve effective performance in an activity or range .of 
activities. Its purpose, in the work situation, is to develop the abilities of the 
individual and to satisfy the current and future needs of the organisation". 
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The process of planned training, as shown in Figure 2.1 consists of the following 
steps (Armstrong, 1991) : 
( i ) Identify needs - the analysis covers problems to be solved as well as future 
demands. Two points are usually considered at this stage, the best and most cost- 
effective way to meet those training needs. 
( ii ) Define learning requirements - it would be important at this stage to examine the 
skills and knowledge level that is required to be developed in order to meet the new 
objectives identified by the training needs. 
( iii ) Planning training programmes - Training techniques and locations of training 
should be considered at this stage. They must also be designed to meet training 
needs and objectives and learning requirements. 
( iv ) Techniques, facilities, locations and trainers - These factors are based on the 
training programmes being developed to meet the needs and objectives by using the 
correct combination of training techniques and locations. A decision as to who 
provides the training, from within or outside the organisation, has to be made on the 
availability of suitable training, and the source of responsibility, i.e. training 
department or manager. 
( v ) Implement the training - effective training methods must then be applied in 
order to allow trainees to gain the required skills, knowledge, and attitudes they need. 
( vi ) Evaluate training - this step is considered to be of vital importance where 
trainee performances are monitored in order to find out if training objectives have 
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been met. Also this step provides feedback in producing any improvement which 
could enhance the effectiveness of training. 
Many writers have argued that people are the organisation's most important asset, 
particularly in an intensive labour industry like the construction industry. The 
effective use of such a company resource, whether on a building site or in a 
designer's office, depends on the motives, abilities, and attitudes of people. Fryer 
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(1990) pointed out that good managers have for a long time recognised the 
importance of staff development, but it required legislation to make many firms take 
a serious look at the problems of training and development. There is a fundamental 
need in the industry for positive employment policies. The growing technical 
sophistication of construction has not been matched by any parallel development in 
the handling of human and personnel resources. Thus there is an urgent requirement 
for proper personnel management. 
Fellow and Langford (1 983) identified that personnel management may be defined as 
the part of the management process concerned with human factors within the 
organisation. Such human factors will be ever present and the process of dealing 
with them is the principal function of personnel management. 
Its objectives are: 
(a) to focus on the concern for people, 
(b) to optimise human resources with appropriate manning and effective 
working practices, 
(c) to provide conditions for promoting job satisfaction. 
If the personnel function was to consider total quality management within an 
organisation it has to, for example, ensure that the right people with the right skills 
are doing the right things at the right time, in the right place, and in the right way. 
Bentley stated (1991) that these objectives may only be met through significant 
planning skills or titled Human Resource Planning. The planning process would 
usually be considered as a two way function, either top-down or bottom-up. The top 
- down approach is where top management set the corporate objectives for the next 
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period and pass this down so that managers can set their own objectives to achieving 
the corporate goals. The other approach is the bottom - up approach with managers 
setting their objectives for what they believe they can achieve, and top management 
then fitting this into a corporate plan. 
Bentley (1991) also explains that this impacts on human resource planning in two 
ways. Firstly line managers plan to use their existing people and then add to this the 
additional resources they think they will need during the planning period. Secondly 
the human resources or personnel function has to take account of the additional needs 
and produce a human resources plan, which considers the determined needs, 
selection and recruitment, training and development, placement, performance 
appraisal, promotion, succession and displacement. According to Schuler (1 988), in 
order to get an overall picture of the interaction of these factors, they will have to be 
examined in relation to the training and development function. 
( i ) Determination of needs 
Determination of needs is usually carried out in three stages; firstly: organisational 
needs where the organisation will examine all aspects of human resource 
development in relation to their short and long term strategies and objectives; 
secondly: job needs analysis which is performed by assessing the skills required to 
perform a particular job in the most efficient way and verifying the specification 
required for the job; finally the personal needs analysis which can be carried out with 
respect to employee performance, or in relation to identified training and 
development need for future jobs. The key question is whether the employee is able 
to do the current job efficiently. A very good example of this is when in 1992 the 
Institution of Civil Engineering provided a report listing the skills required at various 
stages of an engineer's career. 
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( ii ) Selection and recruitment 
Often the responsiveness of line management to the personal human resources 
manager will depend on his ability to provide the suitable person for a particular job 
or function within an effective labour force. Due to the peculiar operating 
characteristics of construction, autonomous production units require labour and 
management. It has been shown that many building firms recruit labour at site level 
without reference to overall company needs or when the organisation's needs analysis 
is being carried out. (Fellows and Longford, 1983) 
( ii ) Placement 
The placement plan would be decided from looking at the vacancies in the training 
and development plans under determination of needs. and deciding who could fill 
which opening. The placement plan will of course have an effect on the recruitment 
plan and by judicious displacement in some departments, costly recruitment may be 
reduced. 
( iv ) Performance appraisal 
Performance plans link closely with the training and development plans and should 
be reviewed regularly. The aim of these is to assess performance and to identify 
training needs and general personnel progress. This aspect leads on to promotion 
planning. 
( v ) Succession and displacement 
The succession plan is linked in a way to the promotion plan, but is different in that a 
choice is made of who would succeed people currently in position. In this we can see 
another link for the training and development plan, where the successor will have to 
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know what the person in the post had been doing. A training plan would be an 
important factor for performing the new job efficiently (Fulmer, 1985). 
2.4 Training and human resources development 
An important aspect of personnel management is training and development. 
Mangham and Silver (1 986) pointed out what took place in British organisations. 
including construction firms, in comparison to some other industrialised countries. 
This was confirmed by a survey which examined the increasing awareness of the 
important of training (Constable and McCormick, 1987). A further survey was 
carried out by Hughes (1990) to highlight the present need for training within the 
construction industry, and demonstrated that the survival of construction in the 1990s 
depended on management training. 
Increasing management training can be achieved through improved supervisory 
training and increased long-term planning which could be a contributing factor in 
boosting field productivity in the construction industry . One of the most decisive 
trends reflected in the above survey is the relationship between management training 
and productivity. All firms surveyed believe training significantly improves 
productivity. An overwhelming majority of firms said management training is one of 
the main factors in increasing productivity, and also finding and keeping the best 
employee starts with effective management training in planning, communication and 
other related transferable skills. 
Druker, (1996) argued that the recession of the early 1990s has severely effected the 
training function within the construction industry. Druker, (1 996) further explained 
that some companies have gone to the extent of closing down their management 
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development centres in the past few years. A survey that was carried out by the 
CITB (Management Training Needs. 1989) in relation to the management training 
needs within the UK construction industry, gave similar results. The survey 
suggested that management skills were lacking in the construction industry and if 
quality and a better level of productivity was to be achieved much more training was 
required. This survey has further identified the needs for the training of managers 
and supervisors within the construction industry. The same survey also suggested 
that action is required through more development and training of managers and 
supervisors, if the construction industry were to substantially improve its 
performance and efficiency to satisfy their client's requirements. 
The purpose of the survey of supervisory and management training needs in the UK 
construction industry was to identify the tasks, roles, responsibilities and training 
needs of those in occupations with supervisory and management functions in the UK 
construction industry. The key findings that emerged from the survey were major 
requirements for supervisory and management training related to business 
management, man management, and health and safety. 
The above survey has also revealed that the organisations which engaged in 
structured management training were the very largest and even then this training is 
not always linked to formalised personnel appraisal schemes. Medium sized 
companies undertake some management training but on an in-house basis, as and 
when a particular need is identified. Small companies provided virtually no 
management training at all. Management development has to be a partnership 
between the company and the employee. The benefits of this would be significant in 
an industry dependent to a great extent on its labour force, as examined in the 
statistical tables of the Employment Gazette (1 992). 
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There has been some recognition of the shortcoming in training and the construction 
industry is striving to improve the training and development of its management and 
the labour force. Changing technologies, increased competition and the requirements 
of a well trained labour pool have spurred this need (Hughes, 1990). It has also been 
recognised that with training and development comes higher productivity, higher 
profit, improved quality, lower operating cost, more reliable estimates, greater 
problem-solving ability, more productive teams, and better internal and external 
communication skills . 
Imbert (1991) points out further, that there is the increasing realisation that a skilled 
labour force is the construction industry's most precious resource and the skills of all 
construction workers, be they managers, designers or others, need continuous 
upgrading and updating. 
This is what is known today as Human Resource Development. Garavan, Costine 
and Noreen (1995) defined human resource development as a means of planned 
learning and development of people as individual or groups to contribute efficiently 
to the company's overall objectives. There is a growing body of literature on the 
emergence and growth of human resource development especially on human resource 
development with a strategic focus. It was suggested that employee's values and 
philosophies should be guided by, and be consistent with, the strategies proposed by 
their own company. So human resource development is considered to be. a 
relationship between human resource and company strategy. Within most 
formulations of human resource management, training and employee development 
represents the vital component. 
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It was suggested by Keep (1 989) that the case for a strategic approach to training and 
development is vital to have significant meaning. Strategic human resource 
development considers that there is an overall objective for the organisation and that 
the human resource development effort should be related to it. It is essential to link 
organisation objectives to a planned learning experience so that people who question 
the value of human resource development also question the value of the company 
(Harrison, 1993). 
Such development is not only essential for successful construction management but 
also has effects which reach far beyond the construction industry and influences 
economic planning policy, making technological progress and the provision and 
distribution of resources required for construction. The training and development 
function in the construction industry is not only important, but also essential if the 
industry is to survive and advance in a changing and competitive environment, while 
exposed to all types of different internal and external environmental forces. 
Encouragingly, Brewster and Hegewisch ( 1993) from recent surveys in the early 
1990s, revealed that British companies seem to be taking training more seriously. 
The above also stated that the Price Waterhouse Cranfield Project Survey indicated 
that training and staff development is the leading issue for most personnel 
departments across Europe, including the UK. 
It is in this context that research is being carried out into present training methods 
within the construction industry on how it may be enhanced with the use of new 
technological methods. 
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2.4.1 The importance of training 
Filippo (1986) suggests that the purpose of training is to equip the employee with 
adequate knowledge, skills and the right attitude, as employees with increased 
knowledge and skills will give rise to the following effects. 
(a) Increased Productivity 
An increase in knowledge and skill will result in an increase in both quantity and 
quality of output. The increasing advancement of technology and changing of the 
nature of modern job, demands systematic training to enable employees to work 
competently. 
(b) Reduced Supervision 
A well trained employee can supervise himself or herself. Both employee and 
supervisor do not require close supervision, but it is not possible to have a greater 
interdependence and freedom in work unless the employee is adequately trained. 
(c) Increased organisational stability and flexibility 
Through training a reservoir of trained replacements can be created. Any loss of key 
personnel will not affect the stability of the organisation. In addition, multiple skills 
training should be provided to employees so that (if necessary) they can transfer to 
jobs with the highest demand. This will provide a means of flexibility for the whole 
organisation. 
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2.5 Training and human resource management 
Fellows, Langford, Newcombe, and Urry, (1983) argued that as the total number of 
employees continued to decline in the past few years an increase has emerged in the 
administrative, professional, and managerial work. The increase in managerial work 
was related to increasing technical sophistication of buildings, and tighter 
construction budgets. This increase in managerial work has put more pressure on 
construction firms to develop their employee skills in order to match the changes 
which are taking place in their external environment and the realisation that this 
could only be done by the firm's willingness to provide technical and managerial 
training through their human resource management plans. 
It is considered that the most important business resources are usually listed as 
people, money, systems, plant and equipment. And this has created a relationship 
between business requirements and workforce attitude. Armstrong ( 1990) explained 
that Organisations business strategies should be linked closely to its human resource 
management and development strategies as it is considered to be an important key 
factor to the organisation's success. 
The term human resource management reflects significant developments in the 
application of behavioural science concepts . The term stresses management's role as 
a developer and user of human resources and, in turn, focuses squarely on 
applications. Human resource management has its antecedents in the personnel and 
industrial relations functions of most organisations. It emphasises the role of some 
primary staff functions such as selection, training, and compensation systems. It also 
recognises that effective utilisation of people is a basic management function of the 
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entire organisation, and it is equal in importance to any other function in the 
organisation. 
Devanna, Fombrum and Tichy (1981) argued that human resource management 
mainly emphasises that people are the most important organisational resource, and 
they come first. It also has an increasingly strategic role in many organisations such 
as increasing concern about productivity and need for quality improvements. 
Indications of future shortages of trained people have highlighted the importance of 
effective human resource management. A comprehensive strategy for dealing with 
human resource issues will be necessary for most organisations. 
Behavioural scientists have contributed many important concepts and research 
findings that are currently being applied through human resources management 
(Miles and Roseberg, 1982). Likert (1961) has suggested that human assets could be 
even more valuable than physical assets, and it should be carried on the 
organisation's balance sheet. After all each productive employee represents a 
considerable investment in recruitment and training , add to this the cost it would 
take to find, recruit, and train someone else to do the same job , and you can begin to 
see the significance of human resource accounting. 
Likert (1961) further suggested, that in an economic recession, firms would be wiser 
to reduce inventories drastically and sell equipment than to dispose of their most 
important asset, people. We may not agree with that statement but at least. it 
emphasises the importance of human resources. Recognition of the importance of 
training in recent years has been heavily influenced by the intensification of overseas 
competition and the relative success of economies like Japan, Germany and Sweden 
where investment in employment development is considerably emphasised. 
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Hall ( 1  984) explained that technological development and organisational change 
have gradually led some employers to the realisation that success relies on the skills 
and abilities of their employees and this means considerable and continuous 
investment in training and development. This has also been underscored by human 
resource management with its emphasis on the importance of people and the skills 
they possess in enhancing organisational efficiency. Such human resource 
management concepts as 'commitment' to the company and the growth in the quality 
movement have led senior management teams to realise the increased importance of 
training employee development and long-term education. Nadler (1 984) has seen 
this aspect of human resource management as so important to the extent of pointing 
out that human resource development should be regarded as being a discipline in its 
own right. 
2.5.1 Identifying required skills 
The first step of vital importance in human resource development is the identification 
of needed skills and active management of employee learning for their long-range 
future in relation to explicit corporate strategies. 
For training to be effective it is therefore necessary to discern the training needs not 
only of the individual and the group but how their needs fit the overall organisational 
objectives (Hall, 1984). Achieving this may be more difficult than it appears. 
Researchers and commentators are very dubious as to whether managerial hierarchies 
recognise the importance of these relationships in training initiatives or if they do, 
doubt whether they have the will or the ability to carry them out. 
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Many organisations invest considerable resources in training and development but 
never really examine how training and development can most effectively promote 
organisational objectives, or how development activities should be altered in the light 
of the plans. 
Bernhard and Ingolis (1 988) illustrated through the study of training and its strategic 
implementation in many companies, that a considerable amount of money is thrown 
away mainly because fundamental issues such as analysis of training needs in 
relation to the short and long-term plans had not been addressed. Such criticisms 
indicate that an integral part of analysing training needs is the recognition of what 
will fit the company culture as well as the company strategy and objectives, in other 
words the training scheme which may fit one company may not fit another and these 
company differences can only be ignored at great cost. Again this is part and parcel 
of the organic approach to human resource development (Fairbaim. 1 99 1 ). 
2.5.2 Determining required training 
Another important step in the management of training is to determine what training, 
if any, is required. Assessing the training needs of employees who are new to their 
jobs is a fairly straight forward matter. The main task is to determine what the job 
entails and to break it down into sub tasks, each of which is then taught to the new 
employee. But assessing the training needs of a present employee can be more 
complex. Here the need for training is usually prompted by problems, so you have 
the added task of deciding whether training is, in fact, the solution. Often, for 
instance, performance is down because the standards aren't clear or because the 
performance is just not motivated. The two main techniques for determining training 
requirements are task analysis and performance analysis. About 19% of employers 
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reporting in one survey said they used task analysis, which is an analysis of the job's 
requirements to determine the training required (Latham and Saari. 1979). 
Job analysis is a method of evaluating job functions and is often used to discern the 
levels of skill necessary to do a job. However, it would be important to out point that 
Pickard (1992) suggested that there are many companies who have rejected such 
techniques, on the basis that they would prefer to reward individuals and not the job. 
The information learned from such procedures can be useful in analysing the skill 
needs and requirement of the jobs. Task analysis is especially appropriate for 
determining the training needs of employees who are new to their jobs. About half 
the firms reporting said they used performance analysis to determine training 
requirements; this basically involves appraising the performance of current 
employees to determine if training could reduce performance problems such as low 
output. 
Other techniques reportedly used to identify training needs included supervisor's 
reports, personnel records, management requests, observations, tests of job 
knowledge and questionnaire surveys. To some extent the training program should 
also reflect the firm's overall personnel plans, plans that are themselves derived from 
the goals of the enterprise. Thus, a construction firm's goal to get more involved in 
maintenance work means plans must be made for staffing these new activities; these 
plans will in turn require that the employee be selected and trained in order to 
perform these new activities. 
Use of needs analysis methods should be used with caution as they could be too 
expensive in terms of time and money. A global review could end up producing 
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large amounts of paperwork unjustified by the returns gained. It is essential therefore 
to assess the cost-effectiveness of training needs analysis in relation to the outcomes 
and returns expected (Reid, Barrington and Kenney, 1992). 
2.5.3 Setting training objectives 
Cicero ( 1973) strongly suggested that setting concrete measurable training objectives 
is the bottom line that should result from determining training needs. Well-written 
behavioural objectives specify what the trainee will be able to accomplish after 
successfully completing the training program. They thus provide a focus for the 
effort of both the trainee and the trainer, as well as a benchmark for evaluating the 
success of the training program (Goldstein, 1974). 
2.5.4 Systematic training 
Armstrong (1990) defined systematic training as the term used to describe a rational 
approach to training and development based on : training policy, identification of 
training needs, planning and execution of training, and finally, the evaluation of 
training. The concept of systematic training originated with the Industrial Training 
Board in the late 1960s and is specifically designed to meet the defined needs. It is 
planned and provided by people who know how to train and then the impact of 
training is carefully evaluated. 
Bass and Vaughan (1966) suggested that training is the systematic modification of 
behaviour through learning which occurs as a result of education, instruction, 
development and planned experience. Bass and Vaughan (1966), have further 
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defined learning as a relatively permanent change in behaviour that occurs as a result 
of practice or experience. 
Nadler and Lawler (1 983) have added that training in any organisation is an attempt 
to improve current or future employee performance by increasing through learning 
an employee's ability to perform, usually by increasing the employee's skills and 
knowledge, to remove deficiencies that cause employees to perform at less than the 
desired level. It enables employees to be much more productive, to reduce the 
learning time for employees starting in new jobs on requirements, displacements or 
promotions, and ensure that they become fully competent as quickly and 
economically as possible. In summary the role of training and development is 
ensuring that the organisation has the people with the correct mix of attributes, 
through providing appropriate learning opportunities, motivating people to learn. and 
enabling them to perform the highest level of quality and service (Bentley, 1991). 
The particular objectives of training are to develop the competence of employees and 
improve their performance, help people grow within the organisation in order that, 
human resource plans can be met within the organisation. 
Pepper (1 984) argued that the training process should normally take the familiar form 
of the following steps : 
(a) Identification of the training needs. 
(b) Specification of the steps to be taken and the training methods to be used to meet 
the need. 
(c) Detailed design of the specific training activities . 
(d) Conduct of the training so designed. 
(e) Evaluation of the impact of the training on the trainees and on the organisation as 
a whole. 
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Goldstein and Buxton (1982) explain that in relation to the construction industry, a 
labour force driven industry, training means investing in the labour force to enable 
them to perform better, and to empower them to make the best use of their natural 
abilities. In the long term nothing is more important for the construction industry 
than the quality of the labour force i.e. their education, and their training for skills in 
all its forms and levels. Goldstein and Buxton (1983) further summarise the main 
elements of most systematic training programmes :- 
(a ) Conducting need assessment analysis. 
(b) Deriving training programmes objectives. 
(c) Selecting training programmes methods. 
(d) Developing out some performance measure criteria. 
(e) Pre-testing or evaluation of trainees prior to training. 
(f) Conducting training. 
(g) Monitoring and control of training. 
(h) Evaluation of trainees after training. 
(i) Conducting overall training programme, evaluation and drawing-up 
of recommendations. 
These steps could be applied to most training plans and be oriented to suit different 
training programmes for different construction firms. 
Another way of presenting systematic training is the model applied by the industrial 
engineering division of a large engineering company (Reda, 1989) and shown in 
figure 2.2. A system approach to industrial engineering review was adopted and in 
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this model the system approach is emphasised more through a sequence of steps 
linked by feedback diagnostic and control loops. 
2.6 Computer based training 
Computers have been used for educational and training purposes for more than 30 
years. During the 1960s, significant resources were invested in the development of 
computer-based learning systems following principles derived from programmed 
learning. Since then, the range of philosophical, pedagogical, and technical 
approaches to the educational use of computer has broadened very substantially. 
Educational applications in which the computer actually takes on a recognisable 
teaching role are currently in the minority. Cutting across the styles of application. it 
was found that there are different technological orientations. As far as expert 
systems are concerned, its methods and tools are being applied to straightforward 
expository systems as well as to learning environments designed with the intention of 
promoting learning by discovery (Lawler & Yazdani 1987). 
Many firms are now using computers to facilitate the training process. An example 
of that is the computer-assisted instruction (CAI) systems . They provide self paced 
individualised instruction that is one-on-one and easy to use, and trainees get 
immediate feedback to their input. CAI also provides accountability in that tests are 
taken on the computer so that management can monitor each trainee's progress and 
needs. 
A CAI training program can also be easily modified to reflect technological 
innovations on the knowledge for which the employee is being trained. CAI training 
also tends to be more flexible in that trainees can usually use the computer almost 
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any time they want, and thus get their training when they prefer. The computer as a 
teaching machine is best known in the use of the computer in instruction is as a 
"teaching machine". This is commonly referred to as computer-aided instruction or 
CAI. The computer can help a trainer or an instructor deliver instructional content 
and develop learner skills in a number of ways. A well known example in this field 
of CAI is the PLATO system. The PLATO system, first introduced in 1959, was a 
pioneering tool in the development of CAI. PLATO was originally designed for use 
with a mainframe, but it has more recently been adapted for personal computers. 
Using PLATO and other systems, programmers and trainers developed CAI for 
tutorial of academic disciplines. It has also been used for training in different 
industries and as an educational tool (Heermann 1988). 
Intelligent tutor systems are considered to be a step beyond traditional computer- 
assisted instruction by passing three tests of intelligence. Firstly, the subject matter, 
or domain, must be known to the computer system well enough for this embedded 
expert to draw inferences from the domain. Secondly the system must be able to 
increase a learner's understanding of that knowledge. Thirdly, the tutorial strategy 
must be intelligent in that the expert knowledge in the knowledge base would help to 
reduce difference between expert and learner performance. The focus of this 
research is on the expert module of a tutor that provides training in a domain 
intelligence (Polson 1988). 
An expert system may be defined as a computer system that achieves high levels of 
performance in task areas that, for human beings, require years of training and 
education (Hays-Roth et al. 1983). Expert systems have developed from the field of 
Artificial Intelligence (AI). The application of AI to education has given Intelligent 
Computer Assisted Learning (ICAL) of which tutor expert system are part. Tutor 
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expert systems are considered to be tools of CAL although tutor expert systems tend 
to rely mainly on experts knowledge in the design of its knowledge base (Goble 
1987). (detailed features of expert systems can be seen in chapter 4). 
An important step in building an expert system. knowledge engineers need to decide 
on the appropriate modality for the proposed expert system. e.g., diagnostic expert, 
tutor expert. That usually would depend a great deal on the task which is required 
from the expert system. In the case of training/learning the tutoring expert model 
would be most appropriate for building such a system as the expert system here 
would be expected to provide knowledge and train the individual (Kidd 1987). 
So computers can be used in training : 
( i ) To simulate actual situations in order that trainees can learn by doing. That is 
usually carried out using historical data gained from previous projects which the 
organisation has performed. 
( ii ) To extend programmed learning texts to provide diagrammatic and pictorial 
displays in colour and to allow more interaction between the trainee and the 
information presented on the screen. 
( iii ) To provide a database for information which trainees can access through a 
computer terminal. 
( iv ) To measure the performance of trainees against pre-defined criteria. 
( v ) To provide tests or exercise for trainees. 
The use of computers in training can also provide systems and facilities to enable 
organisations (industry and training institutes) in setting up network based training 
centres. These centres can effectively accommodate the constant changing and 
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increasing training needs by means of flexible and distance learning. The use of 
computers in training has been applied to developing an environment for in 
company-and institutional training centres and facilitating flexible delivery of 
education and training. Environments for learning are being applied more and more 
particularly for in-company and institutional training. In such an environment the 
trainee will be allocated to specific courses, learning material will have to be 
delivered, results will then be assessed and made available for future evaluations. 
This kind of environment should support organisations on the management level, 
trainer level (on line tutoring and monitoring) and trainee level (learning support) 
(Commission of the European Communities, 1991). 
2.7 Evaluation of training 
Evaluation is an essential part of the learning process. Without it there can be no 
certainty that a learning event has achieved its objectives. Smith and Mackness 
(1 992) viewed this stage as it can be both simplistic and complicated. It can be seen 
as simplistic in that monitoring is a process whereby information is gathered from the 
trainees and then the course and programs are amended in the light of these 
comments. It is in fact far more complex because there are other parties in the 
process besides the trainees, i.e. designers of the training course, the trainers and the 
sponsors. Each have their own purpose, aims and objectives and they must be clearly 
identified before evaluation can proceed. Buckley and Caple (1 990) further defined 
evaluation as the "the process of attempting to assess the total value of training: that 
is the cost benefits and general outcomes which benefit the organisation as well as 
the value of the improved performance of those who have undertaken training". 
Phillips (1 990) argued that evaluation of training should also be considered to be part 
of the control process of training. Evaluation methods aim to obtain feedback about 
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the results or outputs of training, and to make full use of this feedback to assess the 
value of the training. Also evaluation of training can be regarded as the systematic 
and impartial collection of data for managers and all other interested parties. This 
information equips them to draw conclusions about the effectiveness of particular 
training measures as a way of achieving organisational objectives, implementing 
policy and promoting organisational learning. There seems to be widespread 
agreement with the proposition that evaluation of training is the least well conducted 
aspect of all training activities. 
A recent study of training in UK firms revealed that 85 percent of British employers 
make no attempt to assess the benefits gained from undertaking training (H.M. 
Stationery Office, 1989). Effective training must have value for the organisation. 
Evaluation carried out after training programs should consider the following factors: 
(a) The context within which the learning event has taken place. 
(b) How accurately needs were assessed. 
(c) Why choosing such a kind of learning as a solution is appropriate. 
(d) Finally how and what training objectives were set. 
The inputs to training events should also address the following three factors :- 
( i ) The resources that were available for the event i.e. time, personal, natural 
training resources. 
( ii ) The reactions to the training event by trainees involved, especially in . 
relation to the reaction that it was originally intended it should achieve. 
( iii ) The outcome of the training event: the effect of that event by reference 
to the objectives set for it and the outcomes it has actually achieved 
(Harrison 1990). 
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2.8 Learning styles 
The first aim of any learning environment or training course will be to provide 
trainees with additional (technical) knowledge. So learning can be defined as the 
literal retention of knowledge often achieved through repetition and recitation, while 
another might describe it as an interpretative process aimed at understanding reality. 
For that additional knowledge to make sense it has to be based on adequate prior 
knowledge (Dochy 1992). This will depend a great deal on the learning style which 
this environment is attempting to support. 
There are three broad perspectives on learning which can be distinguished: the 
experiential perspectives, the behavioural perspectives, and the neurological 
perspectives. 
From the experiential perspective, learning is defined by individuals engaged in 
learning. The learners describe their experience of events involved in learning. 
Learning can be categorised in several ways, as learners experiences differ from one 
another. At the extremes one learner might describe learning as the literal retention 
of knowledge often achieved through repetition and recitation, while another might 
describe it as an interpretative process aimed at understanding reality. 
From the behavioural perspective, learning is an observable change in a person's 
reaction to an equally observable stimulus situation. This change in reaction or in 
behaviour is usually relatively permanent once it has been learned. (MARTEN, 
1984). 
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Finally, from the neurological perspective learning is the process whereby the 
nervous system is transformed by its own activity. It results from the tracks left 
behind by thoughts. Neural activity changes the neurones that are active. and that 
change is the structural basis of learning. The change occurs as a direct result of the 
neural activity itself, that is, as a direct result of processing information. (McCarthy 
1982). That is, learning can be considered with reference to: the proportion of the 
learner, its externally measurable behavioural manifestation, or its underlying 
physical Substrate in the brain. 
A more specific concept in the area of education was that of "approach to learning" 
introduced by Marion (1976) to describe what he saw as a fundamental difference in 
the focus of attention of learners reading texts. 
In the deep approach the learner starts by extracting personal meaning from the 
presented knowledge and this leads to an active process of learning in which the 
learners challenge the ideas, evidence, and arguments presented by that knowledge. 
This, in turn, implies that the learner is reconstructing knowledge within a personal 
framework intending to establish a network of meaningful connections between the 
new information and previously established information. 
In a "surface approach" however the learner is usually concerned with verbatim recall 
of either the whole text or the facts and ideas presented in it. There is little or no 
personal engagement in the act of learning: it is seen as an external imposition. 
Learners are thus concerned more with task completion than with improving their 
knowledge and skills. They are unlikely to relate evidence and conclusions or 
examine the argument in a critical way. 
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Svensson ( 1976) suggested that the process of learning thus can be seen as sequential 
in that it fails to include the crucial stage of reorganisation and reinterpretation. and 
the outcome is more or less complete reproduction of the text, which is unlikely to 
contain the central core of the author's message. 
Svensson (1 976) summarised the main points in the two categories as follows : 
( A ) Deep approach 
i Intention to understand material for oneself. 
ii Relating ideas to pervious knowledge and experience. 
iii Using organising principles to integrate ideas. 
( B ) Surface approach 
i Intention simply to reproduce parts of content 
ii Accepting ideas and information passively. 
iii Concentrating only on assessment requirements 
iv Not reflecting on purpose or strategies. 
v Memorising facts and producing routinely. 
vi Failing to distinguish guiding principles or patterns. 
Marton (1997) explains further that the different approach to learning can help in 
analysing learner understanding of a particular knowledge. If the outcome of 
learning differs between individuals, then the very process of learning which leads to 
different outcomes must also have differed between individuals. The most obvious 
explanation of the differences in the outcome should derive from a description of the 
differences in the process that led to the different outcomes 
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A significant prerequisite for attempting to influence how learners act in learning 
situations is to have a clear grasp of precisely how different learners act. The 
problem could be phrased as : what is it that a reader/learner using a deep approach 
does differently from a person using a surface approach. That will depend a great 
deal on what the learner is trying to accomplish. The picture outlined so far indicates 
that a significant component of a deep approach is that the reader/learner engages in a 
more active dialogue with the text. The questions that could be considered in this 
case is: how do the various sections of the knowledge relate to each other? Is the 
argument consistent or are there any logical gaps? How does this relate to what the 
learner already know?. One of the problems with a surface approach is the lack of 
such an active and reflective attitude towards the text, and leads to the idea of 
inducing a deep approach through giving learners some guidelines on how to go 
about learning. Deep approach could be implemented in a learning environment by 
getting the learners to build relationships between the various sub-sections and to be 
able to structure the text being presented in order to obtain a meaningful knowledge. 
2.9 Summary 
This chapter examines the practicalities of training, and identifies that although there 
has been a growing recognition of the need for training in many construction 
companies, controversy still exists as to the extent and quality of training required. 
Training is seen as a key instrument in the implementation of human resource 
management policies and practices, particularly those involving cultural change and 
the necessity of introducing new working practices. Another point which was raised 
in this chapter is the recognition of individual training needs. This may, however, 
clash with organisational needs, and so in order to proceed with training within any 
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company both individual and organisational needs must be considered and a mutual 
benefit be derived. Another part of this chapter deals with the partialities of creating 
a human resource development plan. The first and most important step in a human 
resource development plan is to analyse the training need of the organisation in 
relation to the organisation's strategy and also relate this to the needs of the 
individuals within the organisation. 
The last part of the chapter deals with evaluating and monitoring the training process. 
This section considers the objectives behind the evaluation and the method in which 
the evaluation can be carried out, where the results obtained later from such training 
evaluations should feedback into the human resource development process to 
improve the training effectiveness. 
The next chapter will examine the current situation on management training and 
attitudes towards the use of computers within the construction industry. The work 
was carried out in the form of a survey, in order to get a real feel for the theoretical 
material which has been examined in this chapter. 
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Chapter 3 Civil Engineering and 
Management Training 
3.1 Introduction 
In the pervious chapter the management of training has been looked into as one of 
the important elements in human resource development and how it should be planned 
and implemented within an organisation, as a main managerial function. Chapter 
three highlights the importance of training management needs in civil engineering 
organisations. In order to get a feel of the need for training and the use of computer 
technology within construction organisations, a survey was conducted which looked 
into training in management and the usage of computing in construction and civil 
engineering firms. The survey took the form of a questionnaire to selected 
organisations. The survey was part of a wider investigation than the work in this 
theses, and therefore within this chapter, only responses to questions relevant to the 
work here, will be examined. An initial interviews were conducted by Scott (1 993) 
and identified the variable (listed below) and piloted with selected people. The 
interviews were not included as they were not part of this thesis. 
3.2 Objective of survey 
The questionnaire was aimed at exploring the opinions and attitudes of the 
respondent towards management training and the use of computers in the 
construction industry as a whole. In order to start exploring those areas a wide range 
of information would be collected first, followed by a targeting of two specific areas 
of management training and computing. A number of categories of information were 
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highlighted that would provide a degree of general knowledge about companies and 
their policies. The highlighted categories are as follows :- 
( I ) History and evaluation of company 
( II ) Structure of company 
( III ) Types of work undertaken 
( IV ) Methods of finance 
( V ) Personnel-recruitment and training 
( VI ) Use of computer transfer technology 
3.3 Survey Structure 
The survey was carried out in two stages to optimise the survey. 
Stage 1 - First letter to companies 
This letter was designed to meet two objectives. The first objective was the 
collection of general company data, and the second was to describe the research 
being carried out and to inform the participants that they would be receiving a set of 
questionnaires regarding this matter. The letter also included the general categories 
(which will be mentioned at a later point of this chapter) in which the companies 
were asked to provide general information about their companies in the form of 
brochures or any other form of their choice. 
Stage 2- Second letter and questionnaire 
From the information obtained from the initial letter, the specific areas to be 
examined in detail were decided upon. Once this had been done a list of questions 
was compiled mainly on attitudes to management training and computer technology. 
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3.4 Design of questionnaire 
Questionnaire has been used in the survey as the main source of information in 
respect to other methods such as in interviews, in order to guarantee a large response 
to the survey. The questionnaire was designed to 'good practice' and described in 
detail in Scott (1992). The design is therefore not described within this thesis. The 
questionnaire was Piloted and designed to examine different aspects but connected 
areas of management. Only responses to questions which are relevant to this research 
shall be examined in this chapter. The questions which are relevant are numbers Q8, 
Q9, Q9a, Q1 3, and Q14 ( the questionnaire can be seen in appendix ( G ). 
The questions were based on the following two elements : 
( a ) Training in management : 
e.g. training schemes, organisation of training 
( b ) Attitudes to computers : 
e.g. computing as a technology, feelings of using a computer . 
3.4.1 Selection and Sampling 
The selection process which was employed in this survey can be described as 
follows. 
( a ) The addresses of as many civil engineering companies as possible were obtained 
from the following sources: 
( i ) Contractors file (1 990) 
( ii ) Index of Employers Approved for Training (1 99 1) 
( iii ) Roget (1989 and 1992). 
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All addresses were selected from reference Roget (1 992), which provides the name 
and address of over 2300 British companies. 
( b ) A selection was then made in a random fashion from the Contractors file (1 990) 
and the Index of Employers Approved for Training (1991) to make the numbers of 
contractors and Consultants equal. The final size of the sample was 179. This figure 
consisted of approximately half contractors and half consultants and covered the 
complete range of sizes of companies from the smallest to the largest. 
( c ) A judgement sample was then used in selecting sample units from all 
companies, treating each company as a single unit.. A judgement sample is one 
where a representative sample is selected using certain criteria. This method is 
common in industrial research. The sample was based on equal probability 
principles and a single stage approach was used in the two stages as discussed 
previously. 
3.4.2 Analysis of questionnaire response 
From stage one eighty six replies were received which is an overall response rate of 
forty nine percent. For stage two, ninety one replies were received which represents 
response rate of fifty one percent. Both percentages are considered to be very good 
for this type of survey. A break down of the response rates for contractors and 
consultants is shown below : 
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These figures are based on the correct sample size of 174 companies. 179 were 
initially targeted but five were then found to have undergone mergers or had ceased 
to exist. Three of the 174 are institutes and have not been included in the 
calculations. 
A significant difference can be seen between the contractors and consultants as 
regards the response rates. The low figure obtained for the consultants in stage 1 
may be due to the reluctance of many consultants to reveal information about 
themselves. Scott (1 993) confirmed this in subsequent interviews where the 
consultants seemed particularly worried about giving the turnover and employee 
figures. A number of the smaller consultants may not actually produce brochures so 
they have been unable to offer help on this point. Although their willingness to 
participate is borne out by the high return rate to stage 2. 
The information returned in the brochures, newsletters, books, reports and papers 
was of important value but there was also a vast amount of it. Only a very small part 
of this information was extracted for use in the analysis. The remaining data formed 
the broad base of knowledge that was necessary to determine the path that the survey 
should follow. It was from this information that the final decision on what topics to 
look at in detail was made. 
The following variables was extracted from the information gathered from 
companies in stage-1 of the survey. (see 3.3 survey structure). The data extracted 
for analysis was combined with the data obtained from the questionnaire. It consisted 
of the following variables : 
( a ) Age of company 
( b ) Turnover of company 
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( c ) Number of employees 
( d ) Number of expertise 
( e ) Location of company 
3.4.2.1 Company age 
From Figure 3.1 it can be seen that a full distribution of the ages of the companies 
was obtained. The age of the company has been considered a factor in examining the 
policy on management training. 
Figure 3.1 Full distribution of companies ages 
3.4.2.2 Company turnover 
Figure 3.2 presents the range of turnovers for the companies that responded to the 
questionnaire. It can also be seen that the turnover of the contractors was larger than 
the consultants by a factor of ten. The recorded company turnover categories were a 
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further factor used in the company's management training analysis. Other factors 
could have been used in the company's management training analysis such as the 
number of employees. but that information was not readily available. 
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3.4.2.3 Respondent age 
The questionnaires were for the most part sent to relatively senior personnel. and as a 
result relatively older . As shown in figure 3.3 only 7.8% of respondents were under 
the age of thirty six. This may present a slightly biased view of attitudes towards 
management training and computer technology in favour of the older respondents. 
3.4.2.4 Civil engineering experience 
The experience of the respondents is very closely linked to their age and as such only 
18% (as shown in figure 3.4) of the respondents have been in the industry less than 
sixteen years. The older respondents who have only been involved with the 
construction industry for a short while tended to be non engineers. 
Experience in the construction industry is a very useful variable for determining if 
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Interestingly the experience within a company did not reflect the experience in 
general. From figure 3.5 it can be seen that there is a fairly even spread across all the 
categories. Fewer people are likely to spend over thirty years with the same 
company, which is to be expected. 
Figure 3.5 Years of respondent's experience with companies. 
the attitudes of the older generation are significantly different from the younger 
respondents, but unfortunately this comparison will not be possible because of the 
bias towards the older generation. 
3.4.2.5 Company experience 
A number of the respondents in the most senior positions had only been with that 
company a short period of time (less than five years). There appears to be a tendency 
to move between companies at all stages in a career. 
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3.5 Management training 
This section examines the questions that were asked in the questionnaire which 
looked into management training in the construction industry (Q8, Q9 and Q9a ). 
Question 8 asked the participants if they have participated in any management 
training schemes. Question 9 and 9a asked the participants if their companies use 
management training schemes, and if so are those schemes usually organised by their 
companies or by other companies. 
3.5.1 Individuals attending management training courses. 
Comparing the total row percentages in tables 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, it can 
be seen that there is a major difference in the figures between the consultants and the 
contractors. Table 3.2 shall be considered as an example to explain the way in which 
percentages of responses were calculated in the tables presented in this chapter. 
The "YES" responses (3 1-35 age group) 
Count : is the participants responses to questionnaire in different age groups. 
i.e. count response in this case is C1 = 1. 
Total Row is the sum of all the row responses in all different age groups, which =I 1. 
where I1 = B1+C1+D1+E1+F1+G1+H1 
I1=0+1+7+7+2+1+4 
I1 = 22 
Row Pct : is the row count of responses in a particular age group * 100 / total row 
count of responses in all age groups. 
i . e . C 2 = ( C 1 * 1 0 0 ) / I 1  
C 2 = ( 1 * 1 0 0 ) / 2 2  
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Col Pct: is the column count of responses in a particular age group *100 / total 
column count (yes and the no responses) in the same age group. 
i.e. C3 = ( C1*100 ) / C11 
C 3 = (  1 * 1 0 0 ) / 2  
C3 = 50 Yo 
Tol Pct: is the count number / the total column and row count number (which is I1 1 )  
* 100 
Where I l  1 = Total column responses count 
i.e. B11+C11+D11+E11+F11+G11+H11 
and 
Where I1 1 = Total rows response count (YES & NO). 
i.e. I1 + I6 
i.e. C4 = ( C1 / I1 1 ) * 100 
C 4 = (  1 / 4 3 ) *  100 
C4 = 2.3 Yo 
The "No" responses 
count : is the participants responses to questionnaire in different age groups. 
i.e. count response in this case is C6 = 1. 
Total Row: is the sum of all the row responses in all different age groups, which = i6. 
where i 1 = B6+C6+D6+E6+F6+G6+H6 
16=1+1+4+4+2+3+6 
I6 = 21 
Row Pct : is the row count of responses in a particular age group * 100 / total row 
count of responses in all age groups. 
i.e. C7 = ( C6 * 100 ) / I6 
C 7 = (  1 * 1 0 0 ) / 2 1  
C7 = 4.8 
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Col Pct : is the column count of responses in a particular age group *100 / total 
column count (yes and the no responses) in the same age group. 
i.e. C8 = ( C6 * 100 ) / C11 
CS=( 1 * 100)/2 
C8 = 50 
Tol Pct: is the count number / the total column and row count number (which is I 1  1) 
* 100 
Where Il 1 = Total column responses count 
i.e. B11+C11+D11+E11+F11+G11+H11 
and 
Where I1 1 = Total rows response count (YES & No). 
i.e. I1 + I6 
i.e. C9 = ( C6 / I 1  1 ) * 100 
C9=( 1/43)* 100 
C4 = 2.3 % 
Overall 61% of respondents had attended a management training course. While 
70% of contractors had attended management training courses only. 51% of 
consultants has attended similar courses. In order to get a closer picture of that 
difference (between the contractors and the consultants in attending those courses), 
different factors had to be considered. A break down of returns was carried out using 
the following factors of age, years in industry, years with the company and (the) 
engineer or non engineer . 
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Age. 
Tables 3.2 and 3.3 shows that the age of the respondents appears to play a significant 
part in the attendance of management training courses. Table 3.2 shows clearly that 
the older respondents are less likely to attend such courses, i.e. 60% of consultants 
over the age of 56 and 75% in the age group of 5 1 - 55 had not participated. 
The age groups which are likely to attend training courses among the consultants are 
the 36-40 groups, and the 41-45, both at 63% of the total. Comparing both tables 3.2 
and 3.3 shows that there were only two respondents in the 26 - 30 age group. One 
was a contractor and one a consultant. Both respondents had not attended 
management training courses. This could be due to the fact that it was too early in 
their careers to have attended such courses. The contractors participation in 
management training courses is higher and shown in table 3.3. All contractors over 
the age of 50 had attended, 71% of the 46 -50,55% of the 41 - 45 and 62% of the 36 
- 40 age groups. 
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The difference is clear and it reflects the attitudes towards management training 
between contractors and consultants. 
Years in industry. 
Examining table 3.5 for the contractors, it can be seen that as the respondents gain 
experience they tend to acquire more managerial skill through increased 
responsibilities. In order to cope with the increased responsibilities, they have to 
improve their managerial skills by attending management training courses. As 
mentioned before there is a close link between the respondent's age and time spent in 
the construction industry, as was to be expected. Therefore tables 3.4 and 3.5 reflect 
this linkage. By examining the consultant's figures in table 3.4 it can be seen that 
many respondents who have been in the construction industry for over 31 years have 
not attended management training courses. 

Years with company. 
Similar results can be obtained from tables 3.6 and 3.7. Table 3.6 clearly shows that 
no consultant who has been with the same company for over 31 years has attended 
any management training courses. 
This result points out that people at decision making level (management level) are 
not receiving appropriate managerial training (Scott, Ponniah & Saoud 1994). This 
results looks similar to the results appeared in the management development report of 
the Institution of Civil Engineers in 1992. The report explained that there was a need 
for more purposeful management training and development both in industry and the 
professions. The report developed an assessment scheme. It is aimed primarily at 
the construction industry, but is also of use to all engineering disciplines. 
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This could have a significant effect on the running of their companies and on their 
performance in managing such companies. Table 3.7 shows clearly that nearly all 
contractors who have been with the same company for over 20 years have been on 
management training courses. This result shows that contractors tend to regard 
management training courses as an important element to assist them in their decision 
making, and the management of their companies. 
Engineer or non-engineer 
The following section deals with the way in which consultants and contractors are 
divided within the construction industry. The figures in table 3.8 shows that (by 
adding the engineer total percentages of 46.5% and 39.5%) 86% of the responses 
from consultants have an engineering background. 
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Only 57.4% (by adding the engineer total percentages of 38.3% and 19.1%) of the 
responses from contractors were engineers. It tends to reflect the attitude that 
Consultants see the engineering profession as technically based, and they would only 
consider bringing in employees with different backgrounds when necessary. While 
to a contractor engineer, personnel and computer people all form an integral and 
equally important part of the business. Amongst consultants a little over half the 
engineers had been on management courses. There are too few non engineers in this 
group. From a total of 6 non-engineering consultants, two have attended management 
training courses while 4 did not. Contractors carry two thirds of engineers of whom 
67% had attended management courses. Three quarters of non engineers had also 
attended courses. 
3.5.2 Companies participating in management training courses. 
Looking at tables 3.9, 3.1 O, 3.1 1, 3.12, it can be seen (that there are an overall of) 
71.1% of firms participate in management training schemes. Also the tables show 
55 
the difference in attitudes between consultants and contractors on this matter. While 
over 86% of contractors make use of such schemes, only 60% of consultants do 
likewise. As shown earlier it is the senior consultants who do not attend 
management training schemes, and junior colleagues who are required to attend such 
courses. But it is very important to point out that the senior consultants manage the 
companies and yet they seem to be doing less about management training. There are 
more contractors using management training schemes, with more individuals 
attending. In this case the figures show that it is the junior contractors that have not 
yet attended such courses. However from the figures discussed earlier it can be 
assumed that the contractors who have not attended the courses have not yet reached 
a stage in their career where such a course would be of importance to them at this 
point. Tables 3.9 and 3.10, show a break down of these figures by the companies age 
and tables 3.1 1 & 3.12 by the companies size. 
Age. 
It was difficult to obtain the ages of many companies during the survey and that 
resulted in a large number of missing cases. There does not appear to be any trend 
between the age of the company and its use of management training schemes. As 
can be seen in tables 3.9 and 3.1 O, the figures are fairly evenly distributed. 
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For the consultants there seems to be a tendency for the smaller firms to be slightly 
less involved in management training schemes. It is noticeable that some of the 
largest consultants do not use the courses while all the largest contractors make use 
of such courses. Some of the smaller companies tend to find that they do not require 
such courses. This could be related to the smaller scale of work which 
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they carry out. For both consultants and contractors it would be expected that the 
smaller companies would be less likely to use management training courses as there 
would be less management to do in a small company. Large companies which deal 
with major projects would be expected to provide their managers with the required 
forms of management training courses. 
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3.6 Attitudes to Computing 
This section examines the questions that were asked in the questionnaire which 
looked into attitudes towards the use of computing within the construction industry 
(Q13, Q14). Question 13 asked the participants to give their views on the use of 
computer technology for management purposes. Participants were asked in Q14 if 
they were comfortable in using computers. 
3.6.1 Importance of computers for management 
Although management is not yet that highly regarded by consultants and as such 
would not be expected to approve of the benefits that technology can offer in 
different management aspect, the difference between the two groups is small. 58% 
of consultants feel that computers are essential for management, which is 8% more 
than for contractors. In the interviews (Scott 1993) one consultant felt that the use 
of computers in management will not be of much use to the company, but that was 
the only respondent with an engineering background and over the age of 56, to have 
made such a statement. 
Age. 
Table 3.13 shows clearly that 93% of consultants feel that computers are either 
essential or very useful. 89% of contractors in table 3.14 gave similar responses and 
it is considered to be a high percentage for both consultants and contractors. By 
examining the distribution of responses from the contractors it can be seen that there 
were no clear trends across the different age groups. 
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Engineer 
From table 3.15, it was clear that over 90% of the respondents indicated that 
computers were essential or very useful for management. Once again, there were no 
clear distinctions between the different categories. 
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3.6.2 Importance of computer comfort 
Examining the analysis which has been carried out on this question reveals clearly 
the feeling among the different groups towards using computers. The main reason 
for asking this question is because technology will not be used to its full potential 
until the people involved in it and affected by it are completely at ease with this 
technology. The figures in tables 3.16, 3.17 and 3.18, show that generally the 
consultants are more comfortable using computers than contractors. Table 3.16 
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shows that 47% of consultants think that they are very comfortable in using 
computers and 38% are just comfortable. 
The contractor's figures shown in table 3.17 illustrate that only one third of 
contractors are completely at ease with computers and yet twice that number consider 
them essential for engineering. From the table it can be clearly seen that nearly a 
third of the respondents did not feel comfortable in using computers. This is a major 
obstacle which may need to be investigated further. 
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Also figures in table 3.16 showed that 14% of consultants are less than comfortable 
with computers. Although the figure in not very high nevertheless it must be 
improved in order to take advantage of the new computer technology which could 
improve managerial skills in many companies, and in the construction industry as a 
whole. Again table 3.17 shows that contractors are not happy with computers as 
29% of them are less than comfortable with using computers, and that is when 87% 
considered them in the previous question to be either essential or very useful for their 
work. This is considered to be a relatively high figure and cannot be of great 
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advantage to the construction industry, as the business world is centred around 
computer technology and what it can offer to them. 
3.7 Summary 
The number of responses was very high for a questionnaire survey and provided an 
overall appreciation of management training in the construction industry. When the 
65 
responses are broken down into the various factors, the sample becomes small. 
While some observations may be made about them, caution must be exercised due to 
the sample size. 
The survey revealed that while consultants are lagging behind in management 
training, the contractors recognised the value of management training and they are 
making full use of its potential. On the other hand the consultants are more 
comfortable with computers and this is to their advantage. The contractors showed a 
disturbing level of discomfort with computers. 
The survey revelled that consultants are required to work towards improving their 
managerial skills through management training courses. Contractors proved to have 
higher management skills than consultants, but they would be advised to improve 
their computer familiarity as computers can assist them in achieving some of their 
training requirement (Scott, Ponniah, Saoud 1994). Polson (1 988) suggested that 
trainees must be able to use the technology it self in order to learn. Computing skills 
are now considered as a basic literacy skill by the construction industry. As some of 
these skills might be developed through Intelligent computer aided learning (ICAL) 
or tutor expert systems. It is appreciated that many of the management skills such as 
social skills, interpersonal skills or leadership skills can not effectively be carried out 
with such systems. The following chapter examines different aspects of expert 
systems as a tool that can be used in construction management training. 
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Chapter 4 Expert Systems 
4.1 Introduction 
Artificial intelligence (AI) is the computer-based solution of complex problems 
through the application of processes that are analogous to the human reasoning 
process. Rolston (1989) and Terry (1991) stated that the field of Artificial 
Intelligence evolved as a sub field of computer science by individuals concerned with 
symbolic processing and human problem solving. 
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Figure 4.1 shows that the field of AI has many areas of interest. of which natural 
languages (developing programs that read. speak or understand conversational 
language), robotics (developing smart robots that recognise objects), and 
expert/knowledge systems (replicating the thought process of experts in different 
fields of knowledge) are the most notable. The area of expert systems is a very 
successful approximate solution to the classic AI problem of programming 
intelligence and the following sections focus on expert systems. 
4.2 Expert Systems 
An expert system tool can look the same as a conventional program to the user. An 
expert system and a conventional programme can both present to the user a series of 
options on the screen in the form of questions, and answers, which would be given 
depending on the user responses to those answers (Allwood 1986). However there 
are a number of advantages of expert systems over conventional programs : 
( a ) Ability to handle qualitative information, as expert systems usually deal with 
large amounts of knowledge; 
( b ) Coping with uncertain, unreliable or even missing data, also expert systems have 
the ability to deal with unexpected input; 
( c ) Expert systems are not confined by rigid mathematical or analog schemes and 
can handle factual or heuristic knowledge; 
( d ) The knowledge base can be continuously augmented as necessary with 
accumulating experience. 
Maher (1 987) explained that expert systems, or knowledge-based expert systems, are 
interactive computer programs with built in judgement, experience, rules of thumb, 
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intuition, and other expertise to provide knowledgeable advice and solutions on 
different subjects. Minkarah (1989) provides us with a more specific definition of 
expert systems as “ a computer program that uses expert knowledge to reach a level 
of performance akin to that achievable by highly skilled experts". Therefore expert 
systems are designed to address complex problems and to explain the reasoning 
process, in which the knowledge is represented symbolically rather then 
numerically. Wijesundera (1 986) describes further the implementation of an expert 
system as a simulation for a consultation process between an expert of a particular 
field and a non expert. Typically, the non-expert is the end user and the computer 
model is the expert. 
4.2.1 Principles of expert systems 
The principles of a knowledge-based expert system is described in figure 4.2. Most 
expert systems operate through the user supplying facts and different information to 
the expert system and in return the user obtains expert advice. The expert system 
consists of two main internal parts. The knowledge-base which will contain the 
knowledge that helps the inference engine in drawing the related conclusions. These 
conclusions are considered to be the expert system's responses to the user's queries 
for expertise (Zadeh 1989). 
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Another vital factor to understand in any expert system, is the relationship between 
the problem domain and the knowledge domain. Giarratano and Riley (1 989) discuss 
this relationship as follows: all knowledge domain is usually presented within the 
problem domain. As can be seen from figure 4.3 the section outside the knowledge 
domain symbolises an area in which there is in adequate knowledge 
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about the problem. The knowledge acquired in most expert systems are usually 
obtained from published materials, project records and directly from experts in the 
field that the expert system is being built. 
4.2.2 Elements of expert systems 
The principles of expert systems may be elaborated further by considering the 
elements that form the system. They are : (Warzawski 1989) 
( a ) A knowledge base of facts (standards, physical attributes, economic values, etc.), 
and action rules in the problem domain. The data in the knowledge base may be 
represented in the following fashions, all applicable in the construction industry : 
( i ) Relational: where different sources of structured knowledge can be inter-linked, 
so information can be shared. An example of this is when dealing with lists of 
workers, suppliers, clients, subcontractors, etc. and their pertinent attributes. 
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( ii ) Hierarchical: an expert system can present data in a well structured order. This 
is considered to be useful when describing workers or materials composition of a 
particular project. 
( iii ) Network: the data can be structured in the form of rules which allow freedom in 
problem solving. This means that the expert system does not have to follow a 
particular structure when matching the rules with the relevant knowledge. An 
example of this is when relating to technological construction alternatives or 
activities; it mean that the right solution can be reached by the expert system directly. 
The action rules are either normative i.e. embodied in standards and codes. or 
heuristic and based on experts' experience, judgement and rule of thumb. The 
knowledge base of the system may be updated or modified, depending on the latest 
information available. Hence rules can be upgraded if the knowledge in any given 
field advances. 
. 
( b ) The Context (global data base or working memory) which stores the data about 
the specific problem under consideration, and keeps track of the current state of its 
solution. 
( c ) An Inference Engine (inference procedure) which activates the pertinent 
information or rules from the knowledge base on the data, within the context, and for 
the solution of the problem. The inference engine usually employs a mechanism that 
matches information in the context with pertinent action rules in the knowledge base, 
and if several rules apply, it selects the most appropriate course. It then implements 
the selected action. Terry (1 99 1) categorised the expert systems solution derivation 
according to the links or chains that matches the rules in the howledge base with the 
facts presented in the working memory to arrive at a conclusion. 
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The categories are : 
( i ) Forward Chaining, where the inference engine starts with facts and matches them 
to the conditions of a rule. If the condition is satisfied, the rule's conclusions are used 
to prove additional or further rules. This continues until sufficient rules and facts are 
established to make a conclusion. 
( ii ) Backward Chaining, in which the inference engine processes rules by examining 
first the rule's conclusion and then its premise. The inference engine selects a rule 
with a conclusion that directly solves the problem. It then tries to determine whether 
the rule's premise is true or false. If the premise is false the engine selects another 
rule. If the premise is neither true or false (not enough rules or facts have been 
examined to determine this), the engine selects another rule with a conclusion that 
could solve the premise. 
Jackson (1986) also traced the computer-based problem solving back to early 
attempts to program computers to play games and prove theorems. He calls this 
period "the classical period" and the idea is called 'state space search'. The simplest 
form of state space search is called 'generate and test', with two types: breadth-first 
search and depth-first search. In breadth-first search, one searches layer by layer 
through successive levels of search space, where as in depth-first search one pursues 
a single path at a time, returning to the initial point of the problem to pick another 
path only if the current path fails. 
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4.2.3 Expert system architecture 
In order get an understanding of how expert systems function, it is appropriate to 
look at the expert system architecture and examine the different components that 
contribute to presenting the expert's knowledge in such a system. The architecture of 
an expert system is difficult to define, as languages and system build up tools can 
vary in their development stage and are therefore illustrated through examples. An 
example of an expert system architecture is shown below in figure 4.4. The example 
illustrates all different components of the expert system architecture. The basic 
architecture shows a separation of domain knowledge, control knowledge. and 
knowledge which deals with the problem in hand which needs to be solved. This 
highlights three important components of an expert system which are: the knowledge 
base, the context, and the inference mechanism. Other components that can be part 
of the expert system architecture are, user interface and an explanation facility. 
Finally a knowledge acquisition facility is also considered to be useful in many 
expert systems. Maher ( 1987) explains further the expert system components as: 
( a ) Knowledge Base: The knowledge base is the component of an expert system 
that contains the facts about the subject which is being dealt with. The facts could be 
presented in the form of rules and sub rules. For example the potential contents of a 
knowledge base for project tendering would include related facts about the project 
location, size and complexity of project, contingency plans available, etc. Since 
knowledge is continually changing and expanding it is considered to be important 
that the knowledge base is clearly structured and can easily be modified if required to 
do so. 
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( b ) Context : The context is the component which is responsible for providing the 
information on the problem which is being solved. As the problem solving procedure 
continues the context will expand to provide more information on the problem in 
order to continue to solve it. 
( c ) Inference mechanism : The inference mechanism is the part of the expert system 
which contains the control information. It does that by using the knowledge base to 
modify and expand the context. The inference mechanism's main task is to relate 
rules or sub rules to the facts and execute the most appropriate rules that can satisfy 
the facts. 
( d ) Explanation facility : The explanation facility in an expert system varies from a 
trace of execution to the ability to give the user the reasons behind reaching a 
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particular solution. It will demonstrate this by showing the user the path that was 
followed in order to reach a certain conclusion. 
( e ) The knowledge acquisition facility in an expert 
system is the component which is responsible for entering the knowledge to the 
knowledge base. This facility acts as an editor, and knowledge is entered directly in 
a form acceptable to the way in which the expert system was structured. Editing the 
knowledge can be carried out in two ways: either the knowledge engineer uses a 
screen editor to create and modify a file of rules, or the editor is itself an expert 
system, and that would be used in building more complex expert systems. 
Knowledge acquisition : 
( f ) User interface : The expert system user interface is the component which is 
responsible for the communication mechanism between the user and the system. In 
addition to being highly interactive, an expert system interface requires a 
transparency of dialogue, whereby some form of an explanation facility indicates the 
inference process that is being used. 
4.2.3.1 Architectural variations 
Two of the most commonly used variations on the basic architecture are the 
blackboard model and the production system model. The two models will be looked 
at in more detail below. 
( a ) Blackboard model : As can be seen in figure 4.5, the blackboard model is based 
upon the separation of the knowledge base into knowledge sources. It also provides 
a means of communication between knowledge sources. The circles and lines 
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represent the communication between knowledge sources and the current state of the 
problem solved which takes place within the blackboard (Maher 1987). 
Blackboard architectures are explicitly designed to permit multiple knowledge 
sources to address a problem simultaneously. Provided its preconditions are 
satisfied, each knowledge source can post recommendations for action to a shared 
data termed a "blackboard" (Tommelein 1987). 
( b ) Production system model 
The production system model classifies the knowledge base as a series of rules, 
usually known as production memory. Normally the rules would be developed by 
the expert, and there would be no need to specify them in any certain order. The 
context in a production system model is known as the working memory. The 
inference mechanism in such a system is expected to identify the production rules 
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that would be executed and perform the selection operation to choose the most 
suitable rule to solve the problem. The production system model is illustrated in 
figure 4.6 below. 
4.2.4 Expert systems and other algorithmic programs. 
The important features of expert systems when compared to other mathematical 
models are pointed out by Jackson (1 986) as: 
( a ) Expert systems are not confined by rigid mathematical or analogue schemes and 
can handle factual or heuristic knowledge; 
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( b ) The knowledge base can be continuously augmented as necessary with 
accumulating experience. As the knowledge advances the expert system can be easily 
upgraded to cope with the changes in technology; 
( c ) Ability to handle qualitative information. This can be clearly experienced if the 
system to be built is expected to contain a large amount of information as for 
example in many management areas; 
( d ) Coping with uncertain, unreliable or even missing data. Dealing with 
uncertainty in data and inference is a feature of expert systems. When pieces of the 
knowledge base and context are less than certain, then a new levei of complexity is 
introduced into expert systems. Some expert system shells have adopted Bayesian 
probability in coping with uncertainties within the knowledge base; 
( e ) The reflection of decision patterns of the users. This is a function which is some 
times referred to as an explanation facility. It explains the reasons behind giving a 
certain conclusion that has been reached by the expert system. 
4.2.5 Integration of expert systems with other fields 
There are two fields of computer science that will enhance the quality of expert 
systems if they are incorporated during the building of the system. 
( i ) Computer aided design (CAD) 
Morad (1 991) describes KNOW-PLAN, a planning system that integrates computer 
aided design (CAD) technology with artificial intelligence (AI) technology to 
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simulate the process of constructing a facility interactively and graphically on the 
screen of a graphics Workstation. 
Morad (1991) stresses the incorporation of CAD with expert systems due to the 
following advantages in CAD : 
( i ) It can provide object definition data represented by 3-D computer model. 
( ii ) It can provide a simulation capability to model the construction process 
graphically. 
( iii ) It can provide visual communication between the user and the 
computer. 
Reddy (1 986) argues that knowledge based expert systems provide a prescription, 
while a simulation model provides a prediction. That means that if a goal is given 
then a knowledge based expert system suggests a course of action, while a simulation 
model predicts the consequences of a selected course of action under some 
experimental conditions. 
Touran (1 990) developed SIMEX, a prototype system that allows the user to choose 
a suitable earth-moving system, simulate the operation and evaluate cost and 
production performance. The developed prototype has shown a great potential for 
simulation/expert system integration. 
4.2.6 Knowledge Representation 
Knowledge representation involves finding the best method to use to present the 
domain knowledge as data structure. This is considered to be an important step so 
the knowledge can be efficiently accessed for the problem solving task. 
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4.2.6.1 Rule Based 
Most rule-based systems (RBS) can be classified as production systems (PS). The 
main element in this system is that the domain knowledge is represented in modular 
rules. Production rules are the most comprehensive form of knowledge 
representation which are based on condition-dependent action. It has become 
apparent that experts can best formulate their knowledge in the form of 'If 
..... Then .....' rules. This is probably the reason why most expert systems today, at 
least the most successful ones, are based on production rules (Nebendahl 1988). An 
example of production rule languages is OPS5. 
Trimble (1 989) gives the following example for production rules:- 
IF the project is largely repetitive 
AND the successive items are approximately identical in work content 
AND the user is familiar with "line of balance" technique 
THEN the user should use "line of balance" for the planning and control of 
his project. 
Jackson (1986) cites the fact that representing knowledge as an unordered and 
unstructured set of rules has certain disadvantages which probably outweigh the often 
stated advantage that one can easily add another rule to a present set. 
4.2.6.2 Object Oriented 
Object oriented representation is about grouping objects by organising them into 
classes. One obvious advantage of classification is that it eases memory load as only 
the characteristics would be considered and not each individual object. Also it 
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defines relationship between those classes. The fundamental organising principle in 
such systems is the packaging of both data and procedures into structures related by 
some form of inheritance mechanisms. The process of expanding a knowledge-based 
system is one of incremental programming; you simply tell the system about more 
objects, and as long as they are placed at the right point in the hierarchy. inheritance 
would always do the right thing. One of the object-centred languages is FLAVORS 
which is embedded in ZETALISP (Jackson 1986). Examples of objects in expert 
system shells can be viewed in Alshawi (1 989). 
Jackson (1 986) states that one of the disadvantages of object-oriented systems is that 
many systems do not incorporate any distinction between "essential" properties 
(those that an individual must possess in order to be considered an instance of a 
concept) and "accidental" properties (those that all the instances of a concept just 
happen to possess). Instead, instances usually inherit 'typical' properties. which are 
susceptible to cancellation or alteration anywhere in the hierarchy. This makes it 
impossible to express universal truths, or even to construct composite concepts out of 
simpler conceptual units, in a reliable way. 
4.2.6.3 Logical-Based 
A logic-based representation is one in which knowledge about the world is 
represented as assertions in logic, usually first order predicate logic or a variant 
thereof. Logic based languages allow quantified statements and other well defined 
formulas as assertions (Buchanan 1982). 
Jackson (1 986) points out that systems like MYCIN, which lack the power of first 
order logic, are unable to express simple rules like 'don't bother to prescribe a drug 
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that has already been tried on a patient'. In rule interpreters like OPS5. if one wants 
to express such a rule, one has to include such a statement in every instance related to 
prescribing a drug. 
A logic database for representing knowledge about some domain is typically a set of 
clauses, ordered so that special cases occur first. An example for logic programming 
languages is PROLOG. Logic programming techniques for expert systems are by no 
means as tried and tested as techniques based on rules and frames but it can be 
observed from the attempts to implement it that it does not automatically abolish all 
pitfalls associated with frames and rules. It needs an experienced programmer to 
structure rules and data according to a logic programming language. 
4.3 Expert system shells 
There are several approaches to building expert systems in terms of what kind of 
tools to use. These tools are normally classified as : languages, environments or 
shells, while some tools may fall between any two categories (Guttorsmen, 1987). 
( a ) Languages can be either special purpose languages for symbolic programming, 
such as LISP or PROLOG, or a conventional one, such as PASCAL or C 
( b ) Environments contain various types of knowledge representation, inference 
mechanisms, user interface and development aids. These tools also give access to the 
underlying language the environment is written in. This enables the developer to 
incorporate special tasks. KEE, ART and EDSS are all environments. 
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( c ) Shells provide a more specific set of knowledge representation languages and 
inference mechanisms, geared to handle a particular class of problems. 
Both shells and environments differ from the languages in the fact that they already 
contain control mechanisms that determine how they reach conclusions. 
4.3.1 Types and features of expert system shells 
Terry (1 99 1) listed the following features in typical shells : 
( a ) Built-in inference engine with choice of chaining methodology. In some shells 
mixed chaining is considered to be a useful feature in some shells , as it helps the 
knowledge engineer to either put constrains at the start of the rules or at the end. 
depending on what is required to solve a problem. 
( b ) Menus and prompts for development and testing. Menus must be easy and clear 
to use and contain all the functions needed to build the required expert system. It is 
important that the knowledge engineer becomes familiar with the shell menus and 
prompts in order to find out whether it will be able to perform the job in hand. 
( c ) Debugging and value-checking aids. This function will deal with the ability of 
the shell in the debugging of any input errors, which could be contained in the 
information and values. 
( d ) Consistency checking This function will check that the rules do not contradict 
each other, as this could lead to false assumptions or wrong conclusions. 
84 
( e ) Rule - prioritise capabilities. When solving a particular problem a group of rules 
which relate more closely to the problem will be considered first. By matching the 
rules to the problem in hand the correct rule to solve the problem will be chosen. 
( f ) Interface with other operating systems and software. The shell must have all the 
required interfaces to assist in building the expert system. These interfaces can either 
be supplied as part of the shell or it must have the ability to communicate with other 
software, whether by direct access or by exporting and importing functions. The 
shell should also have the ability to create and display graphics or interface with 
graphics software programs. 
( g ) Mechanism for handling input and calculation of uncertainties. This function 
will allow the shell to deal with missing or uncompleted data which could be 
inserted by the user in the form of input. 
( i ) Explanation facilities. This function will allow the user to find out why and how 
the system arrives at its decisions, with the sequence of rules involved. 
4.3.2 Comparison with other development tools. 
In the survey conducted by Mohan (1990), 24 out of the 37 expert systems developed 
were developed on IBM PC class of microcomputers. 18 out of the 37 expert 
systems were developed using expert system shells (that is nearly 50%), 7 were 
developed using expert systems environments, 7 using artificial languages and 5 
using other languages. That indicates the popularity of shells as a tool in developing 
expert systems. 
Guttorsman (1 987) divided shells into the following types : 
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( a ) Induction tools 
These shells generate rules based on a number of examples given by the developer. 
The shell then applies certain algorithms to the rules to determine the order the 
system will take when putting questions to the user. These tools are useful only 
when the task is simple and well structured. SUPEREXPERT is a typical example of 
this class. 
( b ) Simple rule-based tool 
If. ..Then rules are used to represent knowledge in the knowledge base. The main 
weakness of these shells is the inability to sub-divide into various sets that can be 
arranged into a hierarchy. Typical applications are small rule bases containing from 
50 to 200 rules. 
( c ) Object oriented tools 
These tools represent the knowledge as objects which can be given certain values. 
An object may contain facts, rules or pointers to other objects. The problem must be 
of a certain complexity to justify the use of complex object-oriented shells. 
LEONARDO is an example of this class. 
( d ) Logical tools 
These tools use Hom clauses and resolution strategies derived from predicate 
calculus. They are useful when dealing with very complex problems in terms of 
logic. 
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( e ) Structured rule-based tools 
These shells also use IF ... THEN rules but with the facility of arranging rules in a 
hierarchy. These systems are useful where a large number of rules are involved. 
CRYSTAL is a typical example of structured rule-based tools. 
4.4 Expert System and the construction industry 
The features that distinguish expert systems from other algorithmic programs are not 
enough on their own to set expert systems as a potential computational stream to be 
implemented in the construction industry. The construction industry's environment 
itself should posses certain features that show the need for expert systems - like 
technology for improving construction's quality and productivity. 
Levitt (1 985, 1987) points out that the following features of the construction industry 
show this need: 
( a ) Unlike manufacturing, construction is non-repetitive, where each project is 
different in design, layout, materials used, construction methods, time, crews, 
weather and management. Ready algorithmic solutions are therefore not applicable 
to the day-to-day construction problems. 
( b ) Construction environments are full of uncertainties in respect of labour, 
equipment, productivity, market forces and variations in weather. Expert systems 
can handle these uncertainties while algorithmic programs cannot. 
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( c ) The non-availability of complete knowledge in the field of construction 
management and engineering being encoded in text books. The industry runs on 
conventional knowledge and experience based judgement. 
( d ) Many decisions in the industry are made on the spot so that the construction 
process is not interrupted due to time limitations on making a detailed analysis of all 
the influencing factors. Expert systems can provide decisions in such situations. 
( e ) Many construction professionals and managers lack the necessary knowledge of 
computer science to be able to use and update algorithmic computer programs. 
( f ) The construction industry is rich in experts who have successfully completed 
several projects thus gaining domain knowledge about the industry which can be 
used in expert systems. 
4.4.1 Areas suitable for expert systems 
Many researchers have worked to identify the most suitable areas for expert system 
implementation in the field of project management generally and the field of 
construction management specially. Among these areas identified by Mohan (1 990), 
Aitcheson (1 990), Warszawski (1 985), Robinson (1 989), Minkarah (1 989), Hamilton 
(1 987), McGartland (1 985) and Benjamin (1 990) are the following:- 
( a ) Estimating 
The expert system in this case will ask the user to provide it with the required data to 
any particular project and compare it against the expert knowledge and historical data 
in the expert system. The expert system may then produce offer prices in tenders or 
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negotiated contracts, tender preliminary estimates and aid in evaluation of design or 
construction alternatives. 
( b ) Design of construction methods 
Expert systems can be used in various topics in design of construction methods 
which can include configuration of crews, choice of construction methods. man- 
machine trade off, choice of transportation mode for the movement of the materials, 
and methods of joining various components in modular construction. 
( c ) Site planning 
The expert system in this situation would be able to determine the location of 
equipment for carrying out a certain job, and also location of materials and support 
facilities at a given construction site. 
( d ) Project planning, scheduling and control 
Some of the tasks that would be expected from an expert system in this area will 
include: providing the user with information on time-cost estimates of activities; 
generation of construction schedules; and critical path analysis and resource 
allocation. 
( d ) Construction quality control 
Tasks for expert system in construction quality control will include sample size, 
sample location, time of sampling and permissible tolerances. 
( e ) Human resource management 
An example of human resource management expert system in this area would be the 
selection and recruitment expert system. As expert's knowledge on the requirement 
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and the standards for recruitment can be inserted in the knowledge base and when 
choosing an applicant for a particular job, the applicant will have to satisfy all the 
rules within the knowledge base in order to be selected for the job. Also expert 
systems can be used in project and company organisation structures, personnel 
management, labour relations and productivity improvement techniques. 
( f ) Operational problems in constructed facilities 
Operational problems can accrue in constructed facilities. Expert systems can solve 
facilities problems by giving causes and remedial actions for functional failures such 
as leaking, poor ventilation, and temperature control. Also it can provide causes and 
remedial actions for structural failures such as foundation settlement and cracking. 
( g ) Training and development 
An excellent tool for inexperienced project staff to improve their project management 
skills and techniques. It can also form an important part of the training function and 
can be used as an aid to training programs. The advantage of this would be that the 
trainee can have an access to the expert's knowledge virtually at any time as expert 
systems can be mounted on desk top PCs. This will give the opportunity to trainees 
to improve on their skills by going through the training expert system within the 
work environment. Some other areas include constructability evaluation, material 
management and legal issues. 
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4.4.2 Examples of the use of expert systems in construction 
There is a large number of expert systems in the industry whether listed in the above 
survey or still under development. 
The following is a sample of these systems:- 
( a ) BIDEX (BIDding Expert) (Minkarah 1989) - is a system in its development 
stage that would be used by construction contractors to make bid decisions. It is 
developed using EXSYS (an expert system shell). The bidding decision-making 
process is a two-stage process. The first stage involves the decision whether or not to 
bid, and the second stage involves the selection of mark up. Factors such as type of 
job, owner, location, size of job, current work load and strength of the firm are 
important for the bid/no-bid decision, while degree of hazard, degree of difficulty, 
uncertainty in the estimate, risk in investment and reliability of sub-contractors are 
important for the present mark up decision. 
( b ) PC Pile (Yeh 1991)- PC Pile is an expert system for diagnosing the damage of 
pre-stressed concrete piles during construction. The system is built using Turbo 
Prolog programming language. The knowledge in this system is presented in a rule 
knowledge base using deductive inference mechanism, but because of the insufficient 
expertise of experts, some of the causes in a diagnosis problem could not be clarified 
by asking the experts about further symptoms. Thus the system uses another 
knowledge base, the case knowledge base, which implements the analogical 
inference mechanism to arrive at conclusions. The system uses fussy logic 
efficiently to deduce the damage caused in pre-stressed concrete piles. The structure 
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of the system is novel in two aspects: case base knowledge representation and the 
analogical inference technique. 
( c ) Expert advisor in the planning and scheduling of building construction projects 
(Benjamin, 1990) - This system is a smaller complementary part of the work done 
by Carnegie Mellon University ( Construction Planex) and MIT (GOST) in the field 
of applying expert systems in construction planning and scheduling. The tool used 
by Benjamin (1990) is M1 shell- a rule based shell. In this sub-based system, the 
knowledge base consists of about 100 production rules, 74 facts that describe the 
different activities representing the project breakdown, 22 facts that describe the 
hierarchy of activities, and 50 facts that describe the procedure relationships among 
activities. The system was tested as a tool for improving inexperienced construction 
project schedulers. The ability of the system to explain, assist and advise the 
inexperienced construction schedulers was thereby demonstrated where the average 
performance time of the inexperienced subject the computer system was comparable 
to that of the subject with a civil engineering background. 
( d ) Expert system for the Norwegian Building Regulations, (Mitusch, 1989) - The 
objective of the expert system is to enable the analysis of a building with respect to 
the fire requirement of the Norwegian Building Regulations. The knowledge base 
which contains nearly 250 rules is developed with the expert system shell "expert 
object" from Neuron Data using a Macintosh II. It is also available for IBM PC/AT 
and compatibles and the Apollo, Sun, HP and VAX Workstations. The system is 
linked to Hyper Card which is a combination of graphics program, data base and 
software development tool. Mitusch (1 989) suggests that this system offers good 
user interface in a time most applications built with expert systems shells don't. He 
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insists that in the future the user groups will hardly accept a bad interface and 
insisting on having larger control and flexibility in their programs. 
4.5 Summary 
Expert systems is an application area of artificial intelligence, which in turn is a 
branch of computer science. The field of expert systems is concerned with capturing 
the knowledge and experience of experts in a certain field and feeding it to the 
computer, thus creating what is called knowledge based expert systems. 
The choice of the development tool is a function of many variables (time, 
programming skills, the problem under consideration itself, etc.). So it is important 
to choose the right tool to achieve the anticipated results by utilising the available 
resources. If shells are to be considered as the tool to develop the required expert 
system then the available shell must be assessed against a set of criteria in order to 
select the most appropriate shell that meets the needs of the expert system tool. 
Expert systems have the potential to increase the effectiveness and efficiency of 
construction management tasks (Minkarah 1989). At the same time one must neither 
forget the compiexity of expert systems development nor the cost of this operation, 
which Robinson (1 986) estimated as $1,000.00 to $2,000,000 and employing from 
10 - 25 man-years. 
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Chapter 5 Methodology 
5.1 Introduction 
The objective of the research was to ascertain the viability of the use of expert 
systems as an aid in the training of individuals within the construction industry. 
Within this objective there were a number of identified aims which were; identifying 
the need for training and the attitudes to computing, developing an expert system on 
selected topics, and evaluating the elements in the use of the expert systems. These 
aims categorised the research into three main areas; a questionnaire survey of the 
construction industry as to it’s attitude to management training and computing, 
development of a management training based expert system, and finally evaluating 
the expert system. 
The survey which was carried at the beginning of this research revealed that not only 
more training is needed but more importantly training at the appropriate time was 
needed for improving the training and development function within the construction 
industry. The findings of the survey agreed with those that were revealed by the 
literature review in chapter 2, as it also showed that more effort was needed to 
improve the role of management training within the construction industry. 
The second part of the research dealt with the development of a management training 
model, to be used as an aid to a construction management training program. A 
requirement for the development of such a model needed a literature survey on 
aspects of expert systems, and a period of experimentation and familiarisation with 
the chosen expert system shell, CRYSTAL. Prototypes were developed in order to 
acquire the operating knowledge of CRYSTAL. 
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Finally an evaluation of the expert system was conducted in order to receive feed 
back from users. Figure 5.1 presents clearly the way in which the research was 
conducted from its initial stages of collecting background information on the research 
subjects to the final stage of data evaluation and conclusions. 
5.2 Choice of appropriate shell 
As described in chapter 4 of this thesis an expert system shell is a program used to 
build an expert system. Just as a word processor is a tool for producing a letter or a 
report, a shell is instrumental in developing an expert system. A typical expert 
system shell consists of some form of knowledge representation scheme and a built- 
in inference mechanism. In addition, the shell often contains facilities for producing 
clear interfaces for the use of the application. But it must be noted that this type of 
shell gives no assistance in eliciting and organising the knowledge. For this, a 
knowledge acquisition tool would be required. 
Guttorsman (1 987) compared three system shells: SUPEREXPERT from Intelligent 
Terminals Ltd, LEONARDO1 from Creative Logic Ltd and CRYSTAL4 from 
Intelligent Environments Ltd. He used the 3 shells to build CAR BASE, as a 
prediction/diagnosis system for fault finding in car engines. Guttorsman also used 
LEONARDO and CRYSTAL to build PC BASE as a design support system to 
configure components of microcomputers. In the analysis of the capabilities of the 
shells Guttorsman found that although SUPEREXPERT is fast and easy to use, it 
was too restricted for building CARBASE and PCBASE. Guttorsman concluded that 




An important feature in expert systems shells. which is their external interfaces. was 
discussed in an article by Lydiard (1989), which contained the examination of 
features for four shells, among them, CRYSTAL version 3.20 and LEONARDO 
level 3 version 3.18. 
He commented that neither LEONARDO nor CRYSTAL have product interfaces as 
good as Xi PLUS. For example, where large user programs and other software 
products such as spreadsheets, databases and word processor, can be called directly 
from a knowledge base. He also commented that Intelligent Environments has 
developed a range of interfaces for CRYSTAL, all of which must be purchased in 
addition to the main package. 
When we are faced with the decision of choosing a tool to develop an expert system 
to solve a particular problem, we have to study both the problem under consideration 
and available resources, such as time, finance, programming experience and expert 
systems building experience. A trade off had to be made between the built facilities 
of the shells, and fíexibility of environment and languages, to reach an optimum 
solution for this resources allocation problem. 
The possibility of choosing an induction tool like SUPEREXPERT was eliminated 
due to its inadequacy in handling large and complex problems. The available shells 
were therefore CRYSTAL Version 4.5, a structural rule-based tool, and 
LEONARDO level 3 which is an object oriented tool. After working with the two 
shells, and becoming familiar with their capability through different prototype 
applications developed using them, studying their manuals and assessing their 
performance against the criteria mentioned in chapter 4, it was decided to choose 
CRYSTAL, in this research to develop the two construction management tools. 
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5.3 Literature Survey 
The purpose of the literature survey was to review existing knowledge and to get a 
link between human resource management (training management) and expert 
systems, which could be used as an aid/tool to the training function. The literature 
survey involved two topics; 
( i ) Training management, focusing on the construction industry and present 
views on the topic. 
( ii ) Expert system as a tool that could contribute to the training quality 
provided in contract management and health and safety management. 
The two topics of the research were described earlier in chapters 2 and 4. 
5.4 Choice of Safety and Contract Management 
Research was carried out by Ponniah (1992) in assessing the training needs within 
the construction industry. This was an investigation into industry's, i.e. consultant's 
and contractor's and the Institution's, views on what type of training and skills are 
required within the construction industry. The research revealed that there is still a 
great demand within the construction industry for more training in many aspects of 
safety and contract management. Hence safety management and contract 
management were chosen as the two main areas for the training knowledge base. The 
research (Ponniah, 1992) has highlighted other areas that could be investigated, such 
as quality assurance and risk analysis. 
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5.5 Building of expert system 
The actual procedure of using CRYSTAL to build the two expert systems will be 
discussed in greater depth in chapter 6. In the following sections further discussion 
will be included on method of knowledge acquisition required to create the 
knowledge based expert systems. 
In order to build a comprehensive expert system. the following four steps were 
recommended by Terry (1 991); 
( a ) Identify the problem and detect if there is a need for the application. Determine 
if expert systems are a viable solution to the problem. 
( b ) Select an expert system development tool. Whether a programming language, an 
environment or a shell according to the flexibility, power. speed of execution 
needed and the ability of the developer (programmer) himself. 
( c ) Create a prototype. Demonstrate the credibility and feasibility of the prototype. 
( d ) Refine and extend the prototype. Customise the user interface. 
5.6 Knowledge acquisition and its techniques 
Knowledge acquisition is a crucial stage in the development of an expert system. As 
a process, it involves eliciting, analysing, and interpreting the knowledge that a 
human expert uses when solving a particular problem. 
The RICS/ALVEY research (1 988) showed some problems associated with 
knowledge elicitation. The research pointed out that human knowledge is very 
complex, it can also be messy and poorly structured. Human beings find it difficult 
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to articulate what knowledge they have and how they use it to solve problems. 
While there are no definitive techniques for expert knowledge acquisition which can 
guarantee complete success. the research (ICs/ALVEY. 1988) categorises some of 
the commonly used knowledge acquisition techniques as follows:- 
( a ) Verbal protocols. 
In this techniques the expert thinks aloud whilst working, and that allows the 
knowledge engineer to record and take notice of the expert knowledge in the area. 
The knowledge engineer then can incorporate this in the knowledge base at a later 
stage. 
( b ) Observational studies 
The expert makes retrospective comments on a videotape record of working. This 
method is useful in giving the knowledge engineer a better chance and more time to 
view the expert's work. The knowledge engineer can go back to those tapes if more 
details are needed about a particular point. 
( c ) Interruption analysis 
The expert is interrupted during the course of working to explain what is occurring. 
Here the knowledge engineer gets the chance to stop the expert and ask questions 
about the expert's work. This gives the knowledge engineer the chance to correct any 
ideas which are thought to be wrong. 
( d ) Incremental simulation 
This involves focusing on one small aspect of the job at a time. This method tends to 
break down the knowledge into small sections that can be dealt with separately. 
These sections will be combined to form the context in the knowledge base. 
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( e ) Informal interviews 
This is where either structured or unstructured formats are used through example 
cases. The knowledge engineer will meet in regular stages with the expert in 
informal interviews to discuss different aspects of the knowledge base. 
( f ) Mixed methods 
A combination of the above methods, where the knowledge engineer and the expert 
would combine two or more knowledge acquisition methods. The combination 
would usually be determined by the type of subject and extent of knowledge that is 
needed. 
These techniques differ in their effectiveness depending on the type of knowledge 
being sought and the type of expert involved. In a well structured expert system like 
PC PILE (Yeh et al 199 1)  there are three sources of knowledge: 
( i ) published material (e.g. text books, technical reports, specification, etc.); 
( ii ) experts' experience; 
( iii ) actual project records. 
The main problem in dealing with information in the construction industry, as posed 
by Jean Michel (1 983) regards the increasing supplies of crude information - but not 
"refined" information - leading not only to information overload but also to situations 
where available information is not suitable for the intended use. 
5.6.1 Functions in knowledge acquisition and its related problems 
Breuker et al (1 987) have identified the major functions in knowledge acquisition to 
be; 
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( a ) The elicitation of data on domain knowledge. 
At the initial stage of the analysis. written documentation can and should be used. 
As written sources hardly contain information on how knowledge is being used. 
other data have to be elicited from experts by interview techniques. and in particular 
thinking aloud procedures. 
( b ) The analysis of verbal data. Analysis is the transformation of data into 
interpretative framework. Breuker et al (1987) went on to discuss the problems 
associated with the knowledge acquisition process, notably the problem of selecting 
and eliciting the data. Most of the data on expertise in action are not in written form, 
so it is elicited in an incomplete and unstructured verbal form with the possibility 
that it may be unreliable and contradictory. 
5.6.2 Knowledge elicitation using personal construct technology 
Personal construct technology proposed by Kelly (1 955) is an important knowledge 
elicitation method. The theory enjoyed considerable success and was handled by 
different writers in the fields of psychology and computer science. 
Aspinall and Newman (1 988) explained that according to Kelly, each person builds 
for himself a representational model of the world, which enables him to plan a course 
of behaviour. Building-up a set of expectancies (hypotheses) from birth can clearly 
reflect on past experiences. However, the crucial point is that these hypotheses 
influence and condition our present and our anticipation of the future. A construct is 
an aspect, feature on quality which distinguishes some objects from others in which 
the most useful constructs are those which discriminate best between events. 
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Aspinall and Newman (1988) have identified the following steps as a way to 
implement the method in practice:- 
( a ) The selection of a set of elements representative of the area wish is to be 
explored. 
( b ) Random sets of elements are taken 3 at a time and a person is invited to think of 
similarities and differences between them. The standard question is:- "In what way 
are two of these alike and different from a third in terms of "the purpose of the 
study"? 
( c ) The person ranks or rates all elements on each Construct, noting those elements 
which do not fit in a particular construct. 
( d ) The element by construct matrix is then analysed for its underlying structure 
(e.g., by cluster analysis, principle component analysis, multi-dimensional scaling). 
( e ) Aspects of the matrix, in particular close association between elements and 
constructs, are fed back to the subject, who is invited to respond with more elements 
or constructs. 
A program system has been developed by Shaw and Gaines (1987) to handle 
knowledge-engineering problems using personal construct methods. The program is 
called PLANET (Personal Learning, Analysis, Negotiation. and Elicitation 
Techniques). It starts with PEGASUS a highly interactive program that elicits 
construct through a conversational dialogue with an expert, and ending with DATA, 
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INPUT, OUTPUT and other programs to provide facilities needed for the database 
administration. 
The technique allows PEGASUS to elicit additional elements by matching constructs 
across elements and asks for a new element that differentiates between two highly 
matched constructs as shown in Figure 5.2. 
But even with the facilities offered by computer-based knowledge-engineering 
systems, basic problems could exist that could not be solved by this modem facility. 
Kelly stressed that people are not necessarily articulate about their information. Even 
the elements which are constructed may have no verbal handles which can be 
manipulated and the person finds himself responding to them with speechless 
impulses. 
5.6.3 The Diagnosis of Knowledge 
The measurement of knowledge has as long a history as the educational system as a 
whole. Over the years a number of ways of approaching this problem have been 
tried, involving both the more technical aspects of educational measurement as well 
as attempts at more thorough re-evaluation (Marton 1997). Experts/trainers are 
usually expected to know the extent of the learner's previous knowledge. This 
follows from the fact that every knowledge item has prerequisites. For instance, the 
concept of a fraction can be traced back to the principle of additive decomposition 
and to the procedure for counting the elements of a set. 
These knowledge items can, in turn, be traced back to their prerequisites, and so on. 
But if all knowledge builds on previous knowledge, then there is no absolute starting 
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point for teaching. The selection of a particular topic as the target for training is 
therefore warranted only if the trainer knows that the student has previous knowledge 
of the prerequisites of the topic. 
It follows that in order to have an accurate estimate of previous knowledge. the 
trainer must diagnose the knowledge state of the individual learner. This can be 
achieved through the introduction of some diagnostic task in the form of general 
concepts and questions which could be performed by learners (Goodyear 1990). 
5.6.4 Artificial Intelligence and knowledge 
O'Shea and Self (1 984) explains that Artificial Intelligence attempts to study 
knowledge aspects and ways of presenting it through the development of knowledge 
based systems and through other knowledge representations methods. It  has been 
found that the computational analogue of thinking depends not on general-purpose 
procedures, like the laws of logic, but rather more on the skilful use of specialised 
knowledge retrieved from experts memory. For this retrieval to be passably efficient. 
the knowledge has to be well-organised or highly structured. 
Goodyear (1 99 1) pointed out that specialists knowledge is rather heuristic by nature 
and is seldom found in written forms; moreover, this knowledge usually appears to 
be difficult to elicit by means of using only published materials. A much used 
technique to get at this type of knowledge is asking experts in a detailed and structure 
manner on a particular subject and to capture the knowledge of that subject through a 
series of discussions and interviews. The main problem involving information in the 
construction industry, as posed by Jean Michel (1983) regards the increasing 
supplies of crude information - but not "refined" information - leading not only to 
106 
information overload but also to situations where available information is not 
suitable for the intended use. 
5.6.5 Technique of knowledge acquisition applied in the research 
Kidd (1987) has suggested that knowledge acquisition is a crucial stage in the 
development of an expert system. As a process, it involves eliciting, analysing, and 
interpreting the knowledge that a human expert uses when solving a particular 
problem and then transforming this knowledge into a suitable machine 
representation. In developing an expert system it is important that accurate 
consideration is given to the final users of the system, and to realise at an early stage 
who the end user will be and take their needs into account. 
In our research for developing the construction management expert system for 
training, we used the "production system model" in which the knowledge is 
considered as a set of rules. The knowledge required for this was acquired by a 
variety of ways as described below. 
5.6.5.1 Documents 
The specific sources were training manuals on contract management and safety 
management prepared specifically for project management training courses by 
ADEPT, a training management consultancy. 
These manuals are produced from; 
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( i ) Contract Management lectures from experts (detailed information on the 
following headings can be seen on the contract management expert system in 
Appendix A. The manuals addressed the following : 
a. Introduction to contract management. 
b. Project objective. 
c. Planning and management of a project. 
d. Contract strategy. 
e. Contract selection. 
f. Function of an engineering contract . 
g. Contract administration and terminology. 
h. The law of contract. 
i. Documents for engineering contract. 
( iii ) Safety Management lectures from experts (detailed information on the 
following headings can be seen in the safety management expert system in Appendix 
D). The manuals addressed the following : 
a. Safety management introduction. 
b. Safety management definitions and beliefs. 
c. Forms of accident. 
d. Safety planning. 
e. Company safety policy. 
f. Control of contractors. 
g. Safety and law. 
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5.6.5.2 Video 
While there are no definitive techniques for expert knowledge acquisition which can 
guarantee complete success, the RICS/ALVEY research (1988) pointed out that 
video tape (known also as observational studies) recording can assist the task of the 
knowledge engineer in achieving a deeper understanding of the knowledge that is 
being considered for the build up of knowledge base. 
Two video seminars on contract and safety management were recorded as part of the 
‘teach back method’ which was discussed in chapter 4. This technique is known as 
observational studies (see chapter 4 methods of knowledge acquisition) where the 
expert makes retrospective comments on a videotape record of working. 
In the case of this research the video recording of two training sessions which was 
conducted by the experts on the fields of contract and safety management was 
recorded by the author to help enhance the author’s general understanding of the 
subjects. The video tapes were not included as the main source, but the knowledge 
base came from the interviews and the published material that was designed by the 
experts to include their experience in the field of contract and safety management.. 
5.6.5.3 Interviews 
Hayes (1 983) suggested that knowledge acquisition based on structured interviews 
usually involves several meetings between the expert and the knowledge engineer. 
This is due to a process of knowledge refinement. The knowledge engineer will 
complete an interview and inwardly digest the new information which was obtained 
from the expert. 
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Hayes (1 983) suggested further that all interviews should be tape-recorded because 
information which seems unimportant during some interviews, may become later 
very useful, and if this information is not captured then it may get lost. This 
technique was used in all of the interviews carried out for this research. 
Experts in the field of project management were interviewed to acquire their 
knowledge about the problem in-hand. The interviews were carried out with 4 
experts, two of whom were professionals who worked in the field of construction 
project management through the full spectrum of construction projects and were also 
experienced in the field of management training. This was also important in the 
overall objectives of the expert system which was being used as an aid to training in 
construction management. 
The other two experts were academics. One of them has completed research studies 
related to construction management training and the other academic, a Psychologist, 
has researched in the area of human/computer interaction which is an important 
element in the evaluation of the expert system which is presented in chapter 7. 
The interviews included a teaching back method (Johnson and Johnson 1987) in 
which the experts give a description of a procedure or some piece of content. The 
interviewer teaches it back to the expert using the expert's terminology, seeking 
conjunction of whether or not they were doing it the same way. If the expert 
disagrees, the investigator asks the expert for further information or instruction. The 
cycle of teach and teach back is repeated until the expert is satisfied that the 
investigator is doing the same thing. The usefulness of the structured interviews 
allowed the interviewer to step into new ground that the expert might find important 
or might find himself acquainted with, with no difficulty. 
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The development of a particular expert system required a knowledge of the subjects 
of contract management and safety management on the one hand and skills on the 
design of evaluation question tests on the other. Questions that were presented in the. 
evaluation tests were provided as part of the expert system in order to allow each 
trainee to monitor their performance, and the ability to understand the information 
presented to him on the subject. 
The use of terminology in contract and safety management areas was shaped to suit 
the expert's presentation, allowing him to express his knowledge in his own words 
and terms. Information extracted from one interview was used in the following one, 
allowing the next expert to give his own ideas about them, generating and simulating 
information to rise to the surface. 
The interviews were analysed and the knowledge gained on both contract and safety 
management were compared to the training manuals. Knowledge and information 
provided in both sources were utilised to form the knowledge base for the expert 
system. 
5.6.5.4 Mixed methods 
In this technique the knowledge engineer and the expert would combine two or three 
knowledge acquisition methods. The combination would usually be determined by 
the type of subject and extent of knowledge that is needed. These techniques differ 
in their effectiveness depending on the type of knowledge being sought and the type 
of expert involved. In a well structured expert system like PC PILE (Yeh et al 1991) 
there were three sources of knowledge: 
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( i ) published material (e.g. text books, technical reports, specification, etc.); 
( ii ) experts' experience; 
( iii ) actual project records. 
5.7 Evaluation of expert system 
Evaluation is concerned with gathering information and data regarding the usability 
of the expert system, and this was carried out by a specified group of users (trainees) 
within a specified work context (Preece 1994). Evaluation also provides ways of 
answering questions about how well a design meets users needs of understanding the 
subject matter. Different evaluation feedback was carried out at different stages of 
the expert system design process. 
When the expert system was initially being built evaluations were carried out by the 
experts themselves (this is known as formative evaluation, Preece 1994), and all 
changes suggested were implemented. 
On completion of the expert system, summative evaluation had to be carried out in 
assessing the finished product and was based on the following variables, classified 
under sections 1 to 6 ,  (Table 5.1) as they emerged from the literature on the 
evaluation of knowledge based systems and the subject matter (contract and safety 
management). 
( i ) Section I 
When considering human-computer interaction in knowledge based systems Polson 
( 1988) emphasised making appropriate trade-offs between the design of the 
knowledge base and the systems interfaces. Polson explains further that the learner 
Human computer interaction. 
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working with IT generally has two problems. First, the learner must learn some 
subject matter that he or she may not understand, while, the other problem, using 
technology that is unfamiliar. If the human computer interaction is poorly designed, 
a training session will probably be ineffective. If the learner has to spend significant 
intellectual energy working the computer, then the learner has less intellectual and 
emotional energy for learning what is supposedly being taught. 
Questions in human computer interaction related to; 
-titles and screen formats 
-information presentation 
- keyboard instruction 
-display form's key points 
-speed of navigation through the expert system and expert system efficiency 
( ii ) Section 2 Attitudes towards computing. 
Research carried out by Scott et al (1994) into attitudes towards computing in the 
construction industry had revealed that computing skills are now considered as a 
basic literacy skill by the construction industry, but there still was a need to improve 
those skills. Hence it was decided to include this concept within the questionnaire in 
order to find out the level of appreciation in the usage of computing among trainees. 
in the industry. 
Questions on attitudes towards computing related to; 
-time and work saved with such systems 
-processing of information 
-need for a comprehensive expert system 
-new technologies and its effect, i.e. computers as an educational tool 
-computers and routine tasks 
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( iii ) Section 3 
This section considers aspects of knowledge presentation such as the structure of the 
display forms and presentation of the contents the knowledge base. The section also 
examined whether learners had any difficulties with the selection and sequencing of 
the subject matter. Polson (1988) explained that clarity of information flow in the 
knowledge base helps to clarify the facts and subject concepts, which means that 
learners can achieve a deeper understanding of the subject. 
Knowledge base design. 
Questions on knowledge base design related to; 
- ability to cover the subject in hand. 
- ability of display forms to give a clear understanding of the subject 
-reading required prior to using the system 
-standard of expert system 
-number of display forms needed to cover the subject 
( iv ) Section 4. 
This section deals with trainees perception in using such a technology in training. 
The main aim of this section was to find out if trainees have found such a system 
beneficial in enhancing their knowledge on the subjects of contract and safety 
management. 
Questions on the use of expert system for training related to; 
-expert system ability to improve work effectiveness 
-trainee performance in using an expert system or a lecture 
-complications of using an expert system 
-expert system as a supporting tool during training courses 
-usage of expert systems in project management 
-expert system benefits in education and industrial settings 
Expert system for training. 
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- 
-expert system ability to improve knowledge on contract and safety management 
-expert systems could result on time saving 
-performing the evaluation training programme improves knowledge 
-time given to perform the training programme 
-trainees evaluation after a training programme is vital 
-learning from expert's experience 
( v ) Section 5. 
This section deals mainly with the evaluation tests which was built-in the knowledge 
base. Evaluation tests was designed to allow trainees to assess their learning 
progress and to give them an effective feedback of their performance at any point of 
the training program.. Bentley (1992) has identified that feedback is important to 
reinforce learning, to assess learning progress, and to encourage learning. Bentley 
further points out that in computer-based training programs, particularly those 
concerned with learning new systems, it is important to provide the opportunity for 
learners to practice what they have learned by providing a comprehensive set of 
evaluation exercise. 
Questions on the evaluation tests related to; 
- structure 
-ease of understanding the questions within the evaluation tests 
- ability to provide information on trainee performance 
-importance of defining standards of trainees at early stages 
Expert system evaluation tests. 
( vi ) Section 6. 
This section is aimed at analysing and characterising the levels of knowledge and 
kinds of abstraction which learners might have faced during the training program. 
The section also seeks to examine trainee's pervious knowledge on contract and 
Knowledge of Contract/Safety management 
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safety management, and whether the knowledge presented to them in the expert 
system has contained most aspects of contract and safety management or whether 
more knowledge upgrading is still required. 
Questions on this section related to; 
-knowledge required to cover the four different levels in the expert system 
-knowledge required on contract and safety management before starting the expert 
system 
-need for written information prior to using the system 
-past experience on subjects of contract and safety management 
Table 5.1 summarises the variable and lists the corresponding questions in the 
evaluation questionnaire. 
116 
The purpose of the evaluation questionnaire was to get feed back on the expert 
system from trainees. Two evaluations were carried out on the two expert systems 
tools, (Safety Management, Contract Management). The contract management 
expert system was used in a group due to machine and course limitations, but 26 
individual questionnaires were completed. The safety management expert system 
tool was used and evaluated by 30 individual trainees. The evaluation was carried out 
as part of a project management course run by a recognised training company. 
The evaluation was performed in three stages. In the first instance trainees were 
asked to read a hand out which provided them with the background to the expert 
system and gave full instructions on the use of the expert system. In the second stage 
they proceeded through the contract management expert system and were asked to 
take notes of scores achieved during the evaluation test, which were recorded on a 
separate form. In the final and third stage trainees were asked to complete an 
evaluation questionnaire. They were asked to give their views on the expert system 
tool and also to give feed-back on the whole experiment. 
5.8 Methods used to analyse individual response 
Likert scales 
Likert scales (Tull 1990) were used to compare the responses of the trainees. These 
scales, (also known as summated scales) ask the trainee to indicate a degree of 
agreement or disagreement on a particular topic. The analysis is based on assigning 
numerical values to the trainee's response. 
An example of the numerical values assigned are: strongly agree= 1, slightly agree=2, 
no opinion=3, slightly disagree=4, and strongly disagree=5 . Likert scales are usually 
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analysed on an item to item basis or a single score can be presented to each subject. 
Details of the analysis are provided in chapter 7. 
Factor analysis 
Factor analysis was carried out, using the Statview 4.5 by Abcus concepts computer 
package run on an Apple Macintosh, to help explore the relationship between 
variable based on the trainees responses to the questionnaire. Glynis (1 995) described 
factor analysis as a global term which is used to describe a wide variety of different 
techniques to examine the existence of latent traits. As with most methods for 
examining structure, factor analysis begins with the calculation of the intervariable 
correlation matrix. 
The analysis proceeds to identify the set of underlying linear traits that are best 
implied by the intervariable relationships. The factor analysis treats the correlation 
matrix as a ball of intervariable variance and it extracts chunks of variance to 
represent each underlying factor sequentially. These chunks get smaller as each 
factor is extracted (factor analysis of trainees responses can be seen in chapter 7). 
5.9 Summary 
In this chapter the research methodology and the knowledge acquisition stage was 
discussed. Knowledge acquisition is the bottle neck of building any expert system. 
The knowledge acquired has be reliable and the analysis of this knowledge structured 
deep enough to provide the basis for writing the rules of the expert system. Another 
important factor was the expert system evaluation method applied in this research. 
Evaluation results will be discussed in depth in the expert system analysis and 
discussion chapter (chapter 7). 
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The following chapter (chapter 6) will discuss the stages in which the expert system 
was built, including the way in which the rules were structured. 
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Chapter 6 Building the Knowledge-Base Expert 
System 
6.1 Introduction 
The next step in the development of the expert system for training and after the 
knowledge acquisition stage has been completed, is to structure the rules for the 
system using the development tool. In our research the rules had to be written to 
provide the trainee with consultation on two subjects, Contract and Safety 
Management. The expert system was designed with built-in evaluation tests. The 
evaluation tests in the expert system were constructed to contain four sections, 
general, basic, intermediate, and advanced section. It was written to suit trainees 
with little information about the subjects and with modest training requirements. 
Also to allow trainees with more knowledge about the subjects to increase their 
knowledge by getting the expert system to meet more advanced training 
requirements. 
6.2 Choice of a development tool 
Although languages and environments offer great flexibility in building expert 
systems. Yet their relative difficulty in dealing with such vast amount of knowledge 
compared with the shells and their built-in facilities (as was discussed earlier in 
chapter 4) shifted our thinking from using a language or an environment to building 
the system using a shell. 
Again we were faced with the problem of choosing between different shells of 
different types. The possibility of choosing an induction tool like "SUPEREXPERT" 
was eliminated due to its inadequacy to handle slightly complex problems. The other 
available shells were "LEONARDO Level 3", an object oriented tool, and 
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"CRYSTAL Version 4.5", a structural rule-based tool. After working with the two 
shells, getting acquainted with their capabilities through different applications 
developed using them, assessing their performance against the criteria mentioned in 
Chapter 3, it was decided to choose "CRYSTAL Level 4.5". 
6.3 Choice of Construction Management Aspects 
Several areas of management can be included under the definition of construction 
management. Having examined the literature on existing expert systems for use in 
construction management, the following two subjects were poorly served. They were 
thus adopted for this research. 
( i ) Contract Management : 
The process of developing contracting approaches and administering contracts 
through the life of projects involves several kinds of expert decision making. 
Representative decisions in this area involve: selecting an overall contracting 
approach or strategy; selecting contract clauses to incorporate; identifying and 
refining project financing or insurance options; qualifying or selecting prospective 
contractors or designers; evaluating progress payments; evaluating potential claims 
or litigation situations; quality assurance; and project organisation design. 
( ii ) Safety Management : 
Safety management is the managed control of accidental loss. In project 
environment, safety must be managed; and thus it should have equal managerial 
status with the project's macro objectives of schedule, budget and quality. Safety 
working practices are vital to the overall efficiency and success of projects large and 
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small. In order to minimise loss in construction projects management attention must 
be focused on safety management. 
6.4 Design of the ( Contract & Safety Management) expert system structure 
The expert systems for contract and safety management are rule-based. They were 
designed to provide a reasonable level of knowledge on various aspects of contract 
and safety management. The sequence through which the expert system runs is 
shown in Figure 6.1. The expert system begins with a short introduction to direct the 
user through the package and the different evaluation stages on completion of each 
training section. Trainees then will choose from the menu the subject which they 
wish to improve their knowledge on. After choosing the subject the trainee then 
starts from section 1 which is the general section. In this section trainees are 
requested to read through an introduction section to the subject. 
The general section will consist of general knowledge on contract or safety 
management followed by an evaluation test. The general evaluation is designed to 
allow the expert system to decide on the section which is most suitable for the trainee 
to start from. Depending on the general evaluation result the expert system directs 
the trainee to go to either the basic or the intermediate section. If the trainee 
performance is not satisfactory then he is asked to start at the basic section where he 
will be presented with a number of display forms displaying the knowledge on the 
subject at that section. 
Once the trainee has satisfied all the conditions he may proceed to the next section on 
the system which is the intermediate section. At the intermediate section the 
knowledge presented to trainees gives more depth to the subject and trainees are 
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requested to go through another evaluation test in order to assess the trainee's 
performance before being allowed to proceed further in the expert system to the final 
section which is the advanced section. Information displayed in this section is of a 
high standard in the subject chosen. On completion of the final stage of the expert 
system all trainees are expected to have improved their standard and knowledge on 
contract and safety management. 
At the end of the expert system the trainees are given the choice to start the expert 
system again ( their scores should indicate to them their final performance) if they 
feel that they have in-sufficient knowledge of the subjects. 
6.5 Knowledge-base structure 
All expert systems have knowledge bases containing the knowledge for the particular 
domain to which they are dedicated. Within this knowledge base, there will be 
knowledge about the actual domain as well as problem-solving knowledge for 
running the consultation. Both types of knowledge in this research were represented 
by using the representation formalism of the production rules. The production rule 
operation was discussed in chapter 4. 
An integral part of the expert system is its knowledge or rule base. This is where the 
domain knowledge of the system exists in the form of facts and rules. CRYSTAL 
4.5 is a well-structured expert system shell, and therefore forces a structure on the 
rule-base. However, this does not prevent the expert system builder ordering the 
rules in order to impose a sequence on the questions which are asked. In this 
research, about 800 rules were implemented in each subject and they were grouped 
into four main sections. A number of rules developed were in the form of menus and 
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contained information on the evaluation tests. Display forms were used to display 
knowledge on contract and safety management at four different sections; general, 
basic: intermediate and advance section. 
The grouping of rules were designed to force all questions relating to a particular 
section of knowledge to be asked together, which is a sensible method of ordering 
questions. It would have been more difficult for trainees to follow questions from 
different sections of the expert system at the same time. Human experts also tend to 
deal with one topic at a time. 
The rule base was incrementally developed from the knowledge acquired at the 
interview sessions and from the training manuals on contract and safety management. 
The majority of the rules were in place after the early interviews with the experts. 
The later interviews were used to improve the reliability and accuracy of the rules 
and the information presented within the knowledge base. The following is an 
example of the structure of a rule: 
IF : basic knowledge processed 
AND : evaluation processed 
AND : score > 80% 
THEN : proceed to intermediate section. 
The nature of the domain meant that it was possible to have different types of rules. 
One type accounted for factors which dealt with processing the knowledge display 
forms. A second type accounted for factors which dealt with processing the question 
menus in the evaluation stage and assigning their scores and the final type of rule 
supported the first two, making the necessary calculations and conclusions. 
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The activated rules will allocate different values to four sections of evaluations as 
follows : 
( i ) The first group of values is responsible for the general section evaluation. 
( ii ) The second group of values is responsible for the basic section 
evaluation. 
( iii ) The third group of values is responsible for the intermediate section 
evaluation. 
( iv ) The third group of values is responsible for the advanced section 
evaluation. 
The values were reset to null value at each commencement of the expert system as 
shown below : 
IF : Assign General : = O 
AND : Assign Basic : = O 
AND : Assign Intermediate : = O 
AND : Assign Advance : = O 
AND : Display Form 
OR : Test Rerun = 1 
By identifying all sections through a set of rules, each section will have a specified 
location in the knowledge base. For example if the user completed the general 
section, and managed to obtain a high score, the system would direct the user to go to 
the intermediate section and at this point the rules that deal with the intermediate 
section would be activated. In activating the intermediate rules, the system will start 
126 
informing the user that he is about to start the intermediate section and all the rules 
present in this section would be activated one after the other. 
The structure of the rules are important because : 
( a ) Rules should be easy to read for the system user. Since rules form the basis of 
the justification given by the system for the conclusions it reaches, they should be 
clear and concise to both the system developer and the system user. 
( b ) Easy to read rules are essential for maintenance purposes. System maintenance 
is an issue which tends to be neglected in a great deal of expert system literature. 
Expert system domains are often subject to constant change. Once developed an 
expert system will require constant modification to keep up with any new changes 
and development within the domain. The maintenance process should not have to 
rely on the system developer but should be undertaken by the user or a Computer 
Services department. 
6.6 Design of Expert System Evaluation Tests 
The evaluation tests were designed to allow the user to be able to assess their 
performance during a training session and to give an indication on the improvement 
gained on the subject. Much of the data is collected from the trainees when the 
knowledge based system is running, and is in response to the menu question screens. 
The data that the user will input (the answers to the questions asked by the program) 
will activate the rules in the rule-base, which were all edited by the programmer 
according to the knowledge acquired from the experts in the interviews. The 
evaluation tests in the expert system were structured in the form of statements on 
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particular points on the subject (contract and safety management) followed by 
different choices of answers. The trainee is expected to understand the statements 
and try to match it to the correct answer. The trainee's performance will depend to a 
great deal on understanding of the section evaluated. 
6.7 Design of evaluation questionnaire 
The expert system evaluation questionnaire was carried out in order to get a feed 
back from the users on both expert systems. The evaluation questionnaire was 
carried out at the end of the training program for contract and safety management. 
The questions were used to evaluate the trainee's understanding of each section of the 
expert system and his appreciation of such systems to be used in management 
training. The results of each individual response were recorded and analysed in 
chapter 7. The wording and understanding of the questions were also analysed as 
part of the total evaluation of the training program, and this can also be seen in the 
following chapter. The questions on the topics were put together by both the author 
and the expert. Questions can be seen in appendices B and E. 
6.8 Summary 
This chapter has been devoted to a discussion of the design of contract and safety 
expert system structure. In the process many important issues have been raised such 
as the consideration that was giving in the selection of the development tool, and the 
structure of the rule-base which had been implemented during the development of the 
expert system, and finally the evaluation test technique that was employed in the 
expert system as an important function of training. In the next chapter (chapter 7), a 
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comprehensive evaluation of the developed expert system was carried out and results 
of the evaluation are analysed in depth. 
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Chapter 7 Analysis and Discussion 
7.1 Introduction 
This chapter presents the analysis of the expert system evaluation questionnaire, 
(safety and contract management expert systems) results of trainees evaluation tests 
which was carried out during the expert system training program and finally the 
results of the factor analysis method which was used to justify the variables in table 
7.1. The evaluation questionnaire contained 40 questions based on six major 
sections of the expert system evaluation, shown in table 7.1. Also included are the 
numbers of the questions which provided responses to these sections. 
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The questionnaires are given in appendix B and E. Tables 7.2 and 7.7 summarise the 
responses to the questionnaire. 
7.2. Contract Management Expert System Tool 
This section deals with the analysis of the trainee's responses in both the expert 
system performance scores and the feed-back questionnaire. Discussion in the 
following sections have been obtained from responses to individual questions, but 
due to the large amount of graphs that were produced in this section only the total 
responses to each section will be shown. 
Detailed trainees response's to each question can be seen in appendix C with 
averages for the individual questions. 
7.2.1 Attitudes towards computing 
There are six questions in this section which deal with the general attitudes towards 
computing. Q26 examines whether time and work could be saved with the use of 
computers in training. A large number of trainees, 3 1 %, responded to this question 
by choosing not to commit themselves at this stage, i.e. by choosing to answer to 
having no opinion. Although there was some agreement and disagreement, with a 
mean of 2.9, the main response was one of uncertainty, as expected from 
undergraduates with little work experience. Another question in this section, Q27, 
suggests that expert systems are superior to humans in processing information. 
While a majority of 46% agreed, a substantial number, 27%, disagreed. This 
uncertainty again may be due to a lack of understanding of what an expert system 
does. Q28 dealt with whether more effort is needed to build further comprehensive 
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expert systems, and trainees responded with about 60% agreement. This suggested 
that there is a need from both computer science and project management researchers 
to build more comprehensive expert systems. 
Q34 asked trainees whether the expansion of new technologies is making working 
conditions better. Over 60% agreed with the above, but 35% of trainees may have 
through a lack of work experience, expressed no opinion. The last two questions 
(435, Q40) tackled a similar idea, and that is to find out whether trainees feel that 
computers are needed in education and whether they are looking forward to 
computers taking over more tasks in both education and work environments. These 
points gained agreement of 77% and 62% respectively. Trainees agreed that 
computers are becoming more important in education and work. Trainee's general 
response towards computing is presented in figure 7.1, where an agreement of over 
53% shows that trainees are interested in allowing computers to take over more jobs 
in their work. 
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7.2.2 Human computer interaction 
Bentley (1 992) has pointed out that screen-based instructions such as screen formats 
and keyboard instructions is considered to be an important elements of good screen 
design. Hence the questions contained in this section were intended to obtain feed 
back from trainees on any presentation problems that might be present in the expert 
system tool, and that will hinder knowledge transfer. The section consisted of six 
questions. Q1 dealt with the ease of following all titles and screen formats, and the 
general view, 62% agreement, was that titles and screen formats were not obstacles. 
On Q2, the trainees were asked to give their response on how adequate was the 
information presented The main features of their 
response is that 57% chose not to answer either way. This might be due to the fact 
that they are new to the subject and are not aware of the extent of the knowledge. 
within the knowledge base. 
When the trainees were asked about how clear the keyboard instructions were, Q3, 
over 85% said that the keyboard instructions were easy to follow. Question 21, was 
to find out if the knowledge display forms were easy to follow. About 42% of the 
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trainees showed that they found it easy to follow while 42% were not sure and 
around 15% had difficulties. 
From these percentages it was noted that although only 15% of trainees disagreed 
with the way in which the information was presented to them in the display forms. so 
that more should be done to improve the lay-out. 
Speed of navigation through the expert system was discussed in question 22, and 
about 50% said that it was adequate and I I% disagreed. This is considered to be a 
good response since there were over 50 display forms of information to read and 
understand before going through the evaluation tests. The final question in this 
section, Q23, deals with efficiency of such an expert system. 39% of the trainees 
agreed that higher training efficiency can be achieved with expert systems, while 
54% expressed no opinion. This is considered to be a positive response since the 
concept is new. Only 8% did not like the idea. 
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An overall picture on the results of the human computer interaction section is shown 
in figure 7.2. The results show that over 48% of trainees are satisfied with most of 
the human computer interaction aspects. It is also noticeable that about 35% of 
trainees are not yet sure about these aspects and the remaining 10% said that they 
have faced problems with all the factors that were discussed previously. Despite the 
variations, overall results agree with the existing interfaces, although some 
improvements could be made. The percentages also show that many of trainees have 
managed to obtain a grasp of the information within the allocated time (timing of 
training program was 40 (Appendix B-1 ) minutes on each subject). 
7.2.3 Knowledge base design 
This section deals specifically with the actual material that is contained in the 
knowledge base and it examines all the different aspects which affect the 
understanding of the subject (Contract Management) and all the trainee's 
performances with the expert system tool. There are five questions in this section 
which will be examined individually. 
Question 4 was presented to the trainees to get their view as to whether the 
information on contract management in all four levels of the knowledge base has 
covered most of the subject. A response of 73% agreed that the contract 
management information within the knowledge base had actually covered most parts 
of the subject. This is considered to be a positive response and it shows that although 
they might have faced some difficulty with the evaluation tests they were able to go 
back and spend more time in reading the display forms. The other conclusion that 
we can draw here is that the knowledge gained from the experts on contract 
management covered most aspects of the subject. 8% of trainees disagreed with the 
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fact that the contract management knowledge was sufficient to cover all parts of the 
subject. Within the time allocated for the expert system exercise, it was not possible 
to provide more information but this expansion can be applied to an updated version 
In question 6 about 39% of trainees agreed that the knowledge display forms gave a 
clear understanding of the subject and this can be related to question 21 in the human 
computer section where 50% agreed that key points on display forms were easy to 
follow. A substantial number of trainees have had some difficulties in certain parts 
of the display forms, and this could be due to the time limit and the vast amount of 
knowledge contained within the display forms. When trainees were asked in 
question 19 if they would prefer to do some reading prior to using the expert system 
and whether it could help them gain a deeper understanding to the questions of the 
evaluation tests within the expert system tool, they gave a clear, 89%. agreement 
response. Contrast this to Q25, where they were asked if more display forms should 
be included on contract management, and only 15% agreed. The majority of trainees 
rejected the idea of more information on screen while desiring further information. 
This is considered to be a clear indication that expert systems should be one element, 
and not alone in a training programme. 
In the final question, Q37, trainees were asked if they thought that the knowledge 
presented to them in the expert system was difficult to understand. Only 7% thought 
that was true and around 65% of trainees thought that system was not difficult to 
understand. The problem with the 7% could lie with the amount of knowledge that 
needed to be absorbed in the limited time. In this particular research it was difficult, 
due to technical reasons, to allocate more time to trainees , but if the expert system 
was to be used in a full training program and as an aid tool to that program, this 
obstacle can be overcome. 
for a higher training level. 
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Figure 7.3 provides the overall picture of the trainee's responses. It shows that there 
was hardly any strong disagreement on aspects of knowledge base design 10% slight 
disagreement and over 50% agreement. Although this is considered to be a good 
result to a certain extent, it could still be improved by the implementation of the 
previously discussed issues in this section. 
7.2.4 Expert system for training 
This section is considered to be the most important section of the evaluation , due to 
the fact that most of the questions asked will examine the quality of training that will 
be produced with the aid of expert systems. The first question here is question 5, 
where trainees were asked to give their response to whether such systems can 
improve their work efficiency. 46% of them agreed that it would while 23% 
disagreed. It was interesting not to see any strong disagreement to this particular 
question and a large percentage of them are finding such systems useful in the role of 
training. 3 1% did not give a response either way which could be due to the fact that 
they need more time in experimenting with such systems within a working 
environment. In question 8 trainees were asked if they would rather use an expert 
system to a lecture and the result was that over 81% refuted the idea. This 
disagreement actually agrees with the principal research objective, where the 
introduction of an expert system in training is to act as an aid to the training program 
and not to substitute the role of the trainers. This was also reflected in their answer 
to question 10 which examines whether expert systems should be used as a 
supporting tool during training courses. 77% agreed with the fact that expert systems 
for training should be used as an aid tool. Therefore this is considered to be an 
important achievement towards meeting research objectives. 
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Question 9 examined a statement which suggests that using expert systems in the 
training field complicates the training function. 31% agreement was noted and 
agreement may have been given by trainees who might have experienced difficulties 
which were discussed in relation to previous questions. In question 12, 42% of 
trainees agreed that introducing experts system in other topics of project management 
will lead to a better understanding of the subject. That could be done by having a 
comprehensive expert system which includes most topics of project management 
enabling future trainees to decide on which topic they feel the need for knowledge 
improvement and to make use of the expert system by choosing that topic. 
Again we can see the same scenario in question 13 where a 50% agreement was 
given by trainees in support of the use of expert system in training in the industrial 
and educational settings. To question 14, there was agreement of about 3 1% that 
expert systems has enhanced their knowledge on the topic while 42% of trainees 
gave no opinion. The reason for having a large number of trainees with no opinion 
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in this particular question can be related again to the time factor and the effect that 
had on their performance in the evaluation tests. 
Responses to questions 13 and 14 supported the idea of introducing more expert 
systems to improve the quality of learning and training in the field of project 
management. Question 16 asks trainees if the use of expert systems in training can 
save time, and 50% had no opinion. This question was ambiguous as to whether 
time will be saved during the dedicated training period, or over a longer time scale. 
This may explain the large no-opinion responses. The important issue here is not just 
to save time but to make full use of expert experience which is one of the main 
objectives of building an expert system. This experience must have taken time to 
build during years of work and if trainees make use of it in their training courses then 
it will no doubt save time eventually. 
In Q20 regarding the timing of the training program, about 39% of trainees thought 
that the timing was good, but a large number did not express an opinion. This was 
probably due to the undergraduates being unable to appreciate the entire scope of the 
training programme. Question 23 asked trainees if higher training efficiency can be 
achieved with such an expert system and about 40% agreed with about 8% 
disagreeing. Once again there is general support for the use of an expert system. 
Q24 examined trainees responses to whether they feel more confident in all aspects 
of contract management after going through the expert system. The first point which 
can be drown from their answers is that approximately 58% of them gave no opinion 
either way which in a way is self explanatory as it would be difficult to suggest that 
they have learned everything about the subject from one training session. 
In question 29 it was important to get a response on the built-in evaluation technique 
which was applied in the expert system. Trainees were asked if they thought that the 
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evaluation of trainees after going through a training programme is an important step 
in achieving higher standards. Over 69% thought that it would be important to 
introduce an evaluation system at the end of each training program, which was the 
case in this expert system. Trainees knowledge of contract management was 
evaluated at four different levels and this was considered to be an important section 
of the expert system. Q39 in this section asked trainees if they thought that it would 
be important to learn from expert's experience and 92% agreed that it was important. 
Training courses should be used to gain as much knowledge as possible from other 
people's experience in the field. 
It would be useful at this stage to see the overall response to this section. In figure 
7.4, it can be seen that there is overall support for the use of expert systems in 
training. In this section it was suggested that using expert systems for training can 
help trainees by giving them a deeper understanding of the subject and more 
importantly to gain knowledge from expert's experience. 
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Having said that it would not be easy to build an expert system that would contain 
every aspect of work about a specific subject, so it will be of great importance that 
expert systems are always upgraded as technology advances. 
7.2.5 Expert system evaluation tests 
In this section various factors of the expert system evaluation tests will be studied. 
These factors vary from the way the questions in the tests have been structured, to the 
presentation of the tests. Question 7 starts by asking trainees to give their responses 
to whether the tests within the expert system were well structured. 39% of trainees 
thought that this was the case and about 19% thought that the tests were not well 
structured. This may be related to the length of some of these tests. An alternative 
would be to have a greater number of tests but a smaller number of questions within 
each test. 
The actual wording of the questions in the evaluation tests could be another factor 
and this was analysed in question 15. 54% thought that the wording of the questions 
was sufficiently clear and only 23% faced some difficulties with the wording of the 
questions, and suggested that it should be improved. This should be considered in 
future upgrading of the expert system. Q31 examined the fact that all trainees 
performances can be easily followed through all sections of the evaluation test. Over 
46% thought that they could follow their performance in the evaluation test. A 
scoring system was built in to the expert system to allow trainees to monitor their 
performance at each question and at each level of the expert system. This is achieved 
by giving them the result of each question and the correct answer if they failed to get 
the correct answer. 
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When trainees complete a section they were given their final result to see how they 
had performed as an overall assessment. In Q32 trainees were asked if they thought 
that it was important to define at an early stage their performance level in the 
evaluation. 
Over 82% of trainees agreed that defining performance during the early stages of 
training would be important. If they have not performed well in any level, they could 
go through the display forms in the knowledge base, and build up their own 
knowledge before starting the test again. In this way they could improve their 
standards in order to proceed to a higher level in the expert system. 
The overall response of trainees to the structure of the expert system evaluation tests 
can be seen in Figure 7.5 where an average agreement of about 52% was given in 
support of the current structure of the tests. 
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7.2.6 Trainees knowledge of contract management 
This is a general section about trainee's knowledge in contract management. They 
were asked to give feed back on the amount of knowledge they had about the subject 
before starting the expert system. Also to find out if the information presented in the 
knowledge base was sufficient to perform the evaluation tests. In question 11 trainees 
asked for more information to cover the evaluation tests. This was shown through 
the response they gave, in which about 39% of trainees thought that more display 
forms would be needed to cover all different levels of the evaluation tests. The 
expert system had been designed such that more information on contract 
management can be included at any stage. 
Questions 17 and 30 examined trainees needs for acquiring written information on 
contract management. Their responses to both question showed that they require to 
do some preparation on the subject before starting the expert system. This agrees 
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with the objective of the introduction of the use of the expert system for training. 
Trainees will perform better if they have some background to the subject whether 
through lecturing or reading. It must be noted here that the expert system is not 
intended to replace other methods of training but to contribute to the training 
program as a whole. The other advantage of having such a system is that trainees can 
make use of it at any time, and it could also be upgraded with new knowledge on the 
subject.. Q38 asked trainees to give their opinion on whether contract management 
has been explored well in engineering areas. 39% of them thought that more work 
and training is still needed in this field, and about 15% did not agree with this 
statement, but as with other branches of construction management there will always 
be a need for further research. The trainees overall response to the above can be seen 
in figure 7.6, and no clear trend is visible. 
7.3 Total questionnaire responses 
Correlation in this section was carried out to examine the relation that might exist 
between trainees responses on the different sections of the questionnaire groups, and 
whether conclusions can be a from such relations. In table 7.3 a relationship can be 
to seen to exist between the trainee's responses to all six sections of the 
questionnaire. This strong relationship that can be seen to exist among all sections of 
the evaluation factors was due to the fact that all sections have been chosen 
appropriately. The relative importance of this correlation that matter and not the 
actual value of the correlation, 0.51 1 is considered to be a good correlation. The 
highest correlation was between the general attitude towards computing (section 1 ) 
and knowledge base design (section 3). An example of this correlation (0.961) 
among those sections, can be seen in question 6 on the knowledge base design 
section and in question 26 on the general attitudes towards computing section, where 
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trainees responded to both questions by 39% agreement. There seems to be a strong 
relationship in trainees responses to the knowledge base display form clarity in 
understanding of the subject of contract management (section 3) and the time saved 
through the use of the expert system in training (section 4). Their response to these 
particular two questions shows that if they can follow the information on the display 
form in the knowledge base then they will save time and work in training. Also we 
can see from Table 7.3 that the lowest correlation exists between the human 
computer interaction (section 2) and the trainee's knowledge of contract management 
(section 6). This low correlation between the two sections could be due to the fact 
that the human computer interaction section examines the trainee's satisfaction of the 
use of the screen formats, knowledge presentation and keyboard instructions, while 
the section on the trainee's knowledge on contract management examines factors 
such as, whether there is a need for more information on contract management to 
cover the evaluation tests. Knowledge of contract management should be provided 
prior to trainees starting the evaluation tests within the expert system. 
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(Contract management expert system) 
The rest of the other trainee's responses to all different sections of the questionnaire 
show that a link is present between all other sections. 
7.3.1 Trainees average response to contract management questionnaire 
An attempt was made to find out how each trainee responded to all the questions, in 
order to relate at a later stage to their performance in the evaluation tests. The 
trainee's responses are presented on a Likert Scale. A sample of this is shown in 
figure 7.7. The rest of the figures are given in Appendix C. 
Figure 7.7. shows trainee G’s response to each question of the evaluation 
questionnaire. From the Figure above we can see that trainee G strongly agreed that 
titles and screen formats were easy to follow in the expert system. The same 
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response was obtained in question 3 which examined the clarity of the keyboard 
instruction. Disagreement can easily be seen in question 17, where trainee G was 
asked to give his view on whether knowledge of contract management was not 
required prior to using the expert system. In order to get a feel for the overall 
trainees responses to the questionnaire, the average result is shown below in figure 
7.8. From this it can be seen that the plot of the mean lies mainly between a response 
of 2 and 3, where 2 is the "slightly agree" and 3 is the "no opinion" response. 
The highest disagreement can be seen for question 37 which asked trainees if they 
thought that the expert system was too difficult for them. According to the mean 
response the average did not think that this was the case. Another observation that 
can be made from Figure 7.8 is that there was little disagreement on all the different 
aspects of the expert system. This result is confirmed in figure 7.9, where it can be 
seen that the trainee's response trend tends to move toward the agreement side and 
the "no opinion" response has clearly affected the overall result. As was discussed 
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earlier in the questionnaire sections, it appears that the reason for such a high rate of 
"no opinion" responses can be related to the experience trainees have in such 
systems, the way they received knowledge on the subject, and the time it took to go 
through the expert system. All of the these factors should be considered in further 
development of the expert system. 
7.3.2 Total response of each trainee 
In order to obtain an overall response to the questionnaire, a final percentage was 
worked out as described below. The first step was to sum each of the possible 
choices as shown in table 7.4. The second step was to give an individual mark for 
the five possible responses. The strongly agree response would be given the highest 
mark of 5, the slightly agree response a mark of 4, the no opinion response a mark of 
3, the slightly disagree response a mark of 2, and finally the strongly disagree a mark 
of 1. All trainees, total responses were multiplied by each response mark. Trainee 
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Strongly disagree = O* 1 = O 
Final mark = 0+56+69+6+0 = 131 
Final mark(%) = 131*100/200 = 66%, where 200 is the maximum possible mark. 
Higher percentages gained in Table 7.4 indicate higher agreement responses to the 
use of the expert system for training. The lowest was 56%, the highest was 91% with 
an average of 70%. There is general agreement that the expert system was an asset to 
the trainees. 
The contract management expert system was carried out by six groups of trainees, 
(due to limitation of numbers of computers) and the final mark of each group, is 
given in table 7.5. Although the evaluation tests were carried out by the group, but 
their responses to the expert system general evaluation was acquired as individuals 
which is similar to the way in which individual gave their responses to the safety 
management expert system. 
The average response of the six groups of trainees was 70.3 %. This result indicates 
trainees satisfaction in using such an expert system for training. Having said that, 
one should not forget some of the factors that did not have such a high response 
where trainees have requested further improvement or adjustment to be made and to 
consider them in future development of the expert system. 
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7.3.3 Expert system evaluation results 
The contract management expert system was designed to contain four separate 
evaluation levels. The general evaluation level assesses the trainee's general 
knowledge in contract management, and the remaining three levels are the basic, 
intermediate, and advanced levels. The expert system will present a number of 
display forms containing the knowledge required at each level. The score gained by 
a trainee at the end of each level will depend on his or her understanding of the 
knowledge presented on the display forms. 
The group scores can be seen in table 7.6, where the maximum scores that can be 
achieved in the general, basic, intermediate, and advanced levels are 20, 30, 30, 30 
respectively. Final score percentages were obtained for each group from the total 
maximum score of 110. Most of the trainees managed to obtain scores above 60%, 
with the exception of group 3.  This low score, as was mentioned earlier, could be 
the result of not spending enough time on the knowledge display form with the 
subject information required to perform the evaluation test. 
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7.3.4 Correlation of questionnaire response with expert system evaluation tests 
In this section we examine the correlation which exists between the trainee's 
responses to the questionnaire and their evaluation tests results. 
Studying figures 7.10, 7.11, 7.12, 7.13, 7.14, revealed that almost all the trainee's 
responses and their expert system evaluation scores at the four levels have little 
correlation. The lack of correlation here points out that the trainees did not consider 
the scores they achieved in the expert system evaluation tests when they were giving 




trainees responses to the questionnaire sections against their combined expert system 
evaluation scores. As can be seen in figure 7.15, a similar result was obtained in this 
case. From all the figures above it is important to point out that whether trainees 
scores were high or low did not have an effect on the questionnaire responses. This 
is considered to be a positive point since the average support to the expert system 
was 70%. 
7.4 Safety Management Expert System Tool 
This section deals with the analysis of trainees responses to the feed back 
questionnaire (Appendix E) and the expert system evaluation test scores of the safety 
management expert system. Percentages of their questionnaire responses to each 
question can be seen in table 7.7. 
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Conclusions produced from the questionnaire's six sections as shown in table 7.1 
have been obtained from trainees responses to each question. Due to the large 
number of graphs produced in these sections only graphs which represent trainees 
response to each section will be presented in this chapter. The rest of the individual 
questions response graphs can be seen in Appendix F . Questions which have similar 
responses to the questionnaire contract management expert system analysis will not 
be repeated in this section. Instead the discussion will be on issues additional to 
those in contract management. 
7.4.1 Attitudes towards computing 
The first question in this section is question 26 which looked at the time and work 
that would be saved with the use of computers in training. Slightly higher agreement 
response was seen to exist in this question in comparison to the response gained 
earlier for the same question. 40% agreement was given by trainees in this case. 
Trainees were getting slightly more familiar with the idea of using such systems in 
training after the experience they had with the contract management expert system. 
There was still a 33% response of "no opinion" as in question 26 in the contract 
management section. Question 28 examined the fact that there is a need for more 
effort from both computer science and project management researchers to build more 
comprehensive expert systems for the construction industry. Again a higher 
response occurred to what was obtained earlier . This time trainees gave over 77% 
agreement to that fact, which suggests that trainees are showing interest in the use of 
such systems in training and seeing more work being done in this area. 
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Q35 and Q40 shared the same idea, and that is to find out whether trainees felt that 
computers are needed in education and if they were looking forward to computers 
taking over the more tasks in both education and the work environment. 
Responses were 93% and 63% agreement respectively. From the high percentage of 
agreement that was given to both questions, it could be seen that trainees are 
responding positively to the use of expert systems whether in education or in work 
environment and the trainees have agreed to the fact that the role of computers is 
becoming more important. It would be appropriate at this stage to point out that the 
average response in this section is in favour of making use of all possible tools that 
can be offered through the use of computers. The overall response is shown in 
Figure 7.16 where an agreement response of 60% is observed with a very small 
percentage disagreement. 
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7.4.2 Human computer interaction 
This section examines different aspects of expert system user satisfaction, and 
includes screen formats, display form design, and keyboard instruction. In question 
1 trainees responses were over 63% in favour of the current design of screen formats. 
A 17% disagreement was also recorded in their response to question 10 which 
suggests that more could be done to improve screen formats. 
It is known that there is not always a best way to design screen formats or keyboard 
instruction. The most important point is to make sure that instructions are given in a 
very clear way so they will not be an obstacle to the use of the expert system. If we 
examine the high percentage of over 97% agreement that was gained in question 3, 
which looked at the clarity of the keyboard instruction, we will find that this result 
confirms the response obtained earlier in the same question in the contract 
management section, where an agreement response of 85% was obtained. 
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This high agreement in both expert systems suggests that trainees are satisfied with 
the presentation. An overall response is presented in Figure 7.17. It shows that an 
average of approximately 50% agreement response was given to this section, which 
again is a similar result to the one obtained in the contract management expert 
system. It is worth stating again that the display forms seem to hold the key to 
gaining further support from those trainees who were negative to the use of expert 
systems. Variations in the presentation of display forms could help those trainees in 
achieving a better understanding of the subject. Having said that, figure 7.17 also 
shows many trainees who have managed to grasp the information presented on the 
display forms within the allocated time. 
7.4.3 Knowledge base design 
In the knowledge base design section we will be considering all aspects that have a 
direct affect on the understanding of the subject (Safety Management) contained in 
the knowledge base. There are five questions in this section and they will be 
examined individually. Question 4 was presented to the trainees in order to get their 
views as to whether information on safety management contained in the knowledge 
base has covered most of the subject. A response of 63% was in agreement. Some 
trainees, 7%, have faced some difficulties. It is important to point out that spending 
more time on the display forms could help those trainees who disagreed on this issue, 
and bring them up to date on the subject of safety management. One final point here 
is the percentage disagreement of 7% is about the same disagreement level to the 
same question in the contract management section. 
Analysis of question 6 revealed that 43% of trainees agreed that the knowledge 
display forms gave a clear understanding of safety management as a subject, this 
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result can be linked to question 21 in the human computer section where 47% of 
trainees also agreed that key points on display forms were easy to follow. Both Q6 
and Q2 1 responses suggest that trainees found some difficulties in certain parts of the 
display forms. This could be related to the size of the information presented to them 
or more importantly that the time allowed to read and understand was insufficient. 
Therefore the solution here could lie either in a reduction in the amount of 
knowledge which trainees have to understand or allowing them more time to read it. 
The response given in question 19 can be linked with the trainee's responses to 
questions 6 and 21. They gave 90% agreement in support of doing some reading on 
the subject prior to using the safety management expert system. This would help 
them gain a deeper understanding for the evaluation tests . Studying Figure 7.18 
provides us with the average trainee's responses to the knowledge base design issues. 
A 55% agreement was given, which is considered to be an average result. 
It is important in the future development of expert systems for training to consider all 
of the aspects that were discussed in this section and implement any changes that 
might be required by trainees. 
7.4.4 Expert system for training 
Most of the questions in this section are concerned with the different aspects of 
training quality which are expected to be produced as a result of using the expert 
system as an aid tool to training. Question 5 asked trainees to give their response on 
whether such systems can improve their work efficiency. A 53% agreement response 
was given by trainees, stating that using such a system can improve work efficiency, 
while about 13% disagreed. The only observation that can be made out of this 
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response is that no strong disagreement was given and a large number of trainees find 
such systems useful in the role of training. 
In question 8 trainees were asked to state whether they would rather use expert 
systems than a lecture and the result was that over 70% agreed to this fact. Although 
it is an encouraging result and trainees are showing a great deal of more interest in 
the expert system, the fact remains that the expert system is only meant to be used as 
an aid tool in training and not to substitute for a lecture or a trainer work. Question 
10 tends to emphasise the conclusion that was presented in question 8 as over 87% of 
trainees thought that using expert systems as an aid tool for training courses was a 
positive step. What we can conclude from questions 8 and 10 is that trainees are 
interested in seeing more expert system tools being built for training. 
Question 13 resulted in a 53% agreement in support of the benefits which expert 
systems could provide in education and industrial settings. The help that can be 
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offered through the use of expert systems will enhance the trainee's knowledge on the 
subject of safety management. Question 14 received an unusual response of 30% 
agreement, 40% disagreement and 30% no opinion. The word 'quality' may have 
been ambiguous to those without an understanding of what quality means. Question 
20 asked trainees to give their view on whether the timing of the training program 
was good, with a 20% agreement. This is in contrast to the 40% agreement for the 
contract management expert system. 
Interestingly, the safety management expert system was attempted before the 
lectures, where as for the contract management the sequence was reversed. It .is 
concluded that before an expert system is attempted, it is important that the trainees 
are provided with some basic knowledge. 
The final question, 39, asked trainees if they thought that it would be important to 
learn from expert's experience. One of the main objectives of building this expert 
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system tool is to make use of the expert's experience in the field of safety 
management and that was the reason for asking such a question. Question 39 
resulted in a high agreement of over 96%, which confirms the result obtained earlier 
for the same question in the contract management section This result shows that 
trainees are interested in making full use of experts in the area of safety management. 
The overall trainee responses are shown on figure 7.19. An average of around 40% 
of trainees agreed with all the different elements on the use of expert systems for 
training, and again we notice that a number of trainees are unable to express an 
opinion. Conclusions discussed earlier in this section suggest that trainees have 
benefited from the expert system and especially in making use of experts knowledge 
in this area. The time factor seems to be important as they requested that more time 
should be allowed to go through such a system. 
7.4.5 Expert system evaluation tests 
This section will examine various factors concerning the expert system evaluation 
tests. Question 7 in this section asked trainees to give their responses as to whether 
the tests within the expert system were well structured. About 63% of trainees 
thought that was the case and about 16% gave an opposite response. This was 
considered to be a better result than the one which was recorded for the same 
question in the contract management section, and it shows that trainees have 
followed the design of the four different evaluation tests and this was reflected on 
their scores. This will be discussed further at a later point in the evaluation tests 
scores. Although trainees were satisfied with the structure of the evaluation tests, 
they requested improvement in the wording of these questions and that was obvious 
from their response to question 15, as it carried a high proportion of disagreement of 
57%. Attempts must be made to upgrade the style of wording of the questions in the 
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evaluation tests in future development, and this could help to improve their 
performance. 
Another question in this section was question 31 which examined whether the 
trainee's performance can be easily followed through all sections of the evaluation 
tests and 57% of trainees thought that they actually could. This is considered to be a 
good result since the system was built in a way which allows trainees to get instant 
feed back on every question. It wilI aIso advise trainees at the end of each test of 
their final score. 
On completion of all evaluation tests, a display of scores of the different levels will 
be provided to help trainees to note their performance at the end of the evaluation 
program.. Over 80% of trainees in question 32 agreed that defining performance 
during early stages of training would be important, which is the case in this expert 
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system tool. It permits them to see how they are performing as they advance in the 
expert system. 
Figure 7.20 shows nearly 60% trainee agreement on the discussed issues of 
evaluation test structure. From the discussion of these issues one could see that there 
were not any major problems, except for the wording of the questions contained in 
the evaluation test. This would benefit from further improvement. 
7.4.6 Trainees knowledge on safety management 
This section considers the trainee's general knowledge in safety management, in 
relation to their knowledge of the subject prior to and after using the expert system. 
In question 11 trainees were asked if there was a need for more knowledge on safety 
management in order to complete the four evaluation tests contained in the system. 
From the trainee's response to question 11 (70% disagreement with the current 
amount of display forms) it was clear that they required more knowledge in safety 
management in order to improve their scores. Providing more knowledge is not an 
obstacle by any means, as the expert system was designed to allow more information 
to be placed in the knowledge base. The knowledge base can be increased at any 
stage of the up grading of the expert system. However, there is a limit on the 
quantity of knowledge that may be transmitted via screen displays. Question 17 and 
30 examined the trainee's need for acquiring written information on contract 
management, a point relevant to the previous comment. Trainees express a desire to 
do some preparation on safety management topics before starting the expert system, 
which was also the case in the contract management.. The result produced in both 
Q17 and Q30) agrees with the objective of the introduction of the use of the expert 
system for training. The trainees would be expected to make use of all material that 
is provided in a training course in this subject, and the expert system can provide an 
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aid in enhancing their knowledge. In Q38 trainees were asked to give their opinion 
on whether safety management has been explored well in engineering areas. 77% of 
them thought that more work and training is still required in the field. That response 
came as no surprise and most companies are striving to implement more measures in 
safety management. 
It is becoming clearer to companies that they can save a lot of time if they have 
sound safety management polices implemented in their environment. From figure 
7.21 we can see that trainees are disagreeing on points concerning the amount of 
knowledge that was provided and they are requiring more knowledge to be included 
in the expert system. The point which they raise during the discussion is the 
preparation that they would like to make prior to using the expert system. All of the 
discussed points should be taken into consideration on any future upgrading that 
might be done to the expert system. 
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7.5 Relationship between different sections of questionnaire 
This section presents the correlation between the various sections given in table 7.1, 
in order to study the relationship between trainee's responses to the sections. In 
figure 7.8 a relationship was seen to exist between trainees responses on most of the 
six sections of the questionnaire. The highest correlation was noticed between 
section 2 (human computer interaction) and section 5 (expert system evaluation 
tests), where a correlation of 0.946 was calculated. 
The analysis of the evaluation tests showed that trainees had some difficulties with 
the presentation and wording of questions, which can be linked to questions in the 
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human computer interaction section that had a low agreement response to the 
information presentation. Therefore one could see that trainees responded in a 
similar manner in both situations. The key word seems to be presentation, and in 
order to gain a better response in knowledge presentation on the expert system we 
must also gain high response in the presentation of the tests. 
We can also see from the same table that the lowest correlation to exists between the 
human computer interaction (section 2) and the section that deals with the use of 
expert system for training (section 4) . This low correlation could be due to the fact 
that section 2 focused mainly on specific aspects within the safety management 
expert system, while section 4 tackles in some ways the general idea of the use of 
such systems in training. Most of the other sections show that a link is present 
between different sections of the questionnaire response, and that is due to the nature 
of evaluation. 
7.5.1 Trainees average response to safety management questionnaire. 
In order to investigate further trainees responses in the safety management, an 
attempt was made to find out how each trainee responded to each and every question 
of the evaluation questionnaire. Getting a clear picture of individual response can 
help in the feedback process. It also would be vital when relating individual 
responses to their expert system evaluation scores. 
The individual analysis of trainee responses was carried out using the Likert scale 
method of presenting data. A sample of these scales is shown in Figure 7.23. The 
remaining responses can be seen in Appendix F. 
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As can be seen from Figure 7.22 which displays trainee C's response to all 40 
question, a high agreement was given to question 1 which examined tittles and screen 
formats and a similar response was given to questions 3, 8, 9, 37, and 40. A slight 
disagreement on the presentation of the information within the knowledge base can 
also be seen in questions 2 and 6,  which was discussed earlier in the human computer 
interaction and knowledge base design sections. From the scale it is possible to point 
out very clearly that trainee C had some difficulties regarding information 
presentation. This sample is only used here to demonstrate the speed and accuracy of 
obtaining the trainee's response through the use of this method. 
In order to get an overall view of trainee responses to the questionnaire, the mean 
response is produced in figure 7.23 and from this it can be seen that most of the mean 
line lies between responses 2 and 3 which are the slightly agree and no opinion 
responses. The highest disagreement can be clearly seen in questions 11 and 33, 
which examined the wording of the evaluation section in the expert system, and the 
need for more information on safety management to cover the evaluation section. 
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The response here can be explained by the fact that while there is a need for 
improving the wording of the evaluation questions, there is not a great deal of need 
for more information on the subject of safety management at the present time. The 
result obtained are confirmed in Figure 7.24, which shows that the trainee's responses 
trend tends to move towards the agreement side. It was also noticed that the no 
opinion response had clearly affected the overall result. 
7.5.2 Total response of each trainees 
In order to present each trainee's response to the safety management questionnaire a 
final percentage should be worked out. This step is carried out by first adding each 
trainee's five choices of responses separately as shown in Table 7.9. The second 
move is to allocate individual marks to the five possible responses is by giving the 
strongly agree response a mark of 5, slightly agree response a mark of 4, no opinion 
response a mark of 3, slightly disagree response a mark of 2, and the strongly 
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disagree which would be given a mark of 1. All trainee's final responses out of the 
five choices will be multiplied by each response's mark. An example of the final 
mark calculation of trainee A is shown below in table 7.9. 
Strongly agree 28*5 =140 
Slightly agree =5*4 =20 
No opinion =2*3 =6 
Slightly disagree =4*2 =8 
Strongly disagree = 1 * 1 =1 
Final mark = 140+20+6+8+1 = 175 
Final mark(%) =( 140+20+6+8+1) * 100/200 
= 88%, where 200 is the maximum response mark. 
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Higher percentages gained in table 7.9 means higher agreement responses to the use 
of the expert systems for training. From table 7.9 a final average value of trainees 
response was calculated to be 70%. This result indicates a level of satisfaction in 
using such a system for training, and agrees with the contract management expert 
system average response which was 70.3%. Having said that, one should not forget 
the various factors that did not gain a high support. Any future upgrading of the 
safety management expert system should consider the trainee's suggestions. 
7.5.3 Expert system evaluation results 
The next step in this section is to try and relate the questionnaire's final marks to the 
expert system evaluation scores that the trainees obtained during the expert system 
simulation. The safety management expert system was designed in a such way that it 
contains four different evaluation levels and the scores are given in Table 7.1 O. The 
general evaluation level assesses the trainee's general knowledge in safety 
management. Depending on the score achieved in the general level, the trainee may 
then proceed to the intermediate level or alternatively be advised to read the relevant 
display forms on the subject and proceed by starting at the basic level of the 
evaluation. The remaining three levels are the basic, intermediate, and advanced 
level. The expert system will present the relevant information on the subject at 
different parts of the evaluation. The score gained by trainees at the end of each level 
will depend on the knowledge acquired from the display forms. The maximum 
scores that can be achieved in the general, basic, intermediate, and advanced levels 
are 20. 30, 30 and 30 respectively. The expert system will also present trainees with 
their performance at each level. A total number of 14 trainees managed to obtain 
high scores over 70% and only 6 trainees scored below 50%, the rest varied between 




7.5.4 Correlation of questionnaire response with expert system evaluation tests. 
In this section we examine the correlation which exists between the trainees 
responses to the questionnaire and their expert system evaluation scores. The 
following figures (7.25, 7.26, 7.27, 7.28,7.29) clearly represent the four expert 
system evaluation tests correlated to the trainees final questionnaire marks. 
As can be seen from the graphs, almost all the trainee's responses and their expert 
system evaluation scores do not have a strong correlation. The lack of correlation in 
trainees responses and scores points out that they were not biased in their general 
attitudes when answering the questionnaire. Trainees did not consider their scores 
when giving their views on the use of the safety management expert system for 




Another attempt was made to confirm the correlation results obtained previously, by 
correlating the results of trainees responses in the questionnaire sections against their 
expert system evaluation scores. 
As can be seen in figure 7.30, a similar result was obtained in this case, which 
emphasises the same conclusion that was obtained earlier in the chapter. Studying 
figure 7.31 revealed that trainees gave a minimum of 50% agreement response even 
when their expert system evaluation scores were low. For all these figures it is 
important to point out that whether the trainees scores were high or low did not seem 
to have a great effect on the questionnaire responses which is considered to be a 




Since the questionnaire contained 40 questions, a 40 x 40 correlation matrix was 
generated and a factor analysis was performed. The results of the Orthogonal 
transformation varimax-solution shows that eight factors were found to exist among 
trainees responses. Table 7.1 1 shows the factor loading for each question, with the 
questions grouped according to the factors upon which they load most heavily. The 
factor loading describes the weight that each item has on the factor in question. 
Table 7.13 provides a general description for each of the factors isolated. The factor 
analysis thus broadly supports the prior grouping of items in the questionnaire which 
was discussed earlier in this chapter. 
Factor 1 shows a large loading which belong to items associated with trainee's 
feeling towards learning with expert systems. Analysis of trainees responses to 
individual questions in factor one (see expert system for training, chapter 7) showed 
that trainees identified that learning can be enhanced through the use of expert 
systems in project management topics. 
Factor 2 has high loading from items that relate to the amount of knowledge which 
was given to trainees during the use of the expert system (See trainees knowledge , 
chapter 7). Some of the trainee's responses to questions in factor two suggested that 
more knowledge on safety and contract management was required prior and during 
the training exercise. This could be due to the fact that a large number of trainees 
were presented with new knowledge. McKeachie (1990) has pointed that the new 
knowledge has to be presented in a way which helps the trainee both to relate it to 
prior knowledge and to see a clear logical structure within it. On the other hand 
other trainees thought that no prior knowledge was needed. The knowledge on safety 
and contract management that was presented in the knowledge base, started with the 
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basics of the subject and trainees were introduced to deeper knowledge on the two 
subjects as they advanced in different section of the expert system. This findings 
agrees with Marton's (1 997) argument which suggested that the outcome of learning 
would depend on the approach (Deep/Surface) of learning that those individuals 
perceive. 
If the prior knowledge is inadequate as was the situations with a number of these 
trainees then remedial support will be required to allow a firm basis from which to 
develop understanding. Once the initial grasp of the material is sufficiently firm, 
further learning involves the elaboration and (further) consolidation of the 
understanding to include nuances of meaning and additional examples or evidence. 
Also the need for more knowledge can be related to the fact that learning can be seen 
as involving a series of stages. Entwistle and Entwistle (1 992) have described these 
stages as taking in new information, relating it to previous knowledge, transforming 
it through establishing organisational frameworks within which to interpret it, and so 
developing personal understanding. 
Adding more knowledge and information within the display forms in the knowledge 
base can only enhance the learning process, this fact was actually taken in 
consideration in the initial stages of the design of the expert system as information 
can be upgraded at any section of the knowledge base. 
Factor three appears to be associated with aspects of human computer interaction and 
presentation of information and knowledge in the expert system. The factor analysis 
thus supports the fact that the human computer interface is an important division of 
judgement, as discussed earlier in chapter 7. Preece (1 994) pointed that the design of 
computer interface is considered to be an important aspect of the human computer 
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interaction. Bentley (1992) has also explained that when learners use a computer 
system they react in a similar way to communicating with another person. Which 
means that the learners they are communicating with are the system designers and 
programmers who have built the system. As with any human interface the language 
used, and the way it is used, affect the way that learners feel and react. Bentley 
(1 992) pointed out four key elements of good screen design. The first is the layout; 
the second is the sequence of action; the third is the knowledge descriptions; and the 
fourth concerns screen-based instructions. 
Factor four and five of the analysis associated all response that relate to the level of 
learning that trainees has received and whether it was sufficient to make them 
understand all sections of the expert system. Again the main issue here would tend 
to concentrate on the amount of knowledge that should be learnt about the subject 
prior to starting the knowledge base. 
The analysis of questions in factor four and five earlier in chapter seven under 
"trainees knowledge of subject" highlighted a similar conclusion in which trainees 
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were interested in seeing more material being made available on the subject before 
starting the training program. This conclusion agrees with Ausubel's (1 978) findings 
as he stated that "the most important single factor influencing learning is what the 
learner already knows, the introduction of knowledge can be learned in relation to a 
previously learned background of relevant concepts". 
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Factor six appears to be associated with issues on the design of the knowledge base 
and trainees abilities to monitor their performance during the training program (this 
was discussed earlier in detail in chapter 7). 
Factor seven consisted mainly of loading which belong to items associated with 
learning from expert experience through computational methods such as knowledge 
based systems and whether more efforts from experts in the fields of construction 
management and computer science should be devoted to this area. Trainees are 
largely in favour of learning from experts in the field and that was shown clearly 
earlier in this chapter in their responses in table 7.2 & 7.7 to questions on this factor. 
The general response of trainees agrees with Dunkin's (1 986). research findings, that 
programmed learning materials and the use of computer-based learning in training 
has showed a statistically significant advantage in terms of performance, over 
conventional methods such as lectures. Dunkin carried on to suggest that in 
conventional learning environment the lecturer controlled the flow of information 
and set up conditions which directed learning, leaving the trainee with little 
autonomy. 
Although we might agree with Dunkin on the importance of the introduction and use 
of new technologies in learning, it would be necessary to highlight the fact that the 
main aim of this research is to introduce the use of technologies and expert system in 
training as a support tool in training, as it would enhance the overall quality of the 
training program. 
Question 8 stood on its own, being related to the use of expert system as a learning 
aid, as compared with conventional lecture presentation of knowledge. This fact was 
backed by trainees response to the final question in factor eight (table 7.12) as 
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trainees were asked if they thought that expert systems and learning programs could 
supplement or replace learning through conventional methods. Trainees has 
overwhelmingly rejected this idea and insisted in using such learning technology as 
an aid to learning and training. 
7.7 Summary 
This chapter has highlighted the importance of evaluating the training, as a vital step 
if any training program was to achieve its objectives. In this chapter, analysis of two 
different evaluations was carried out (contract and safety management expert 
systems). Results obtained in both evaluations showed similarities in trainees 
response. This evaluation looked at different factors in the design of expert system. 
Undergraduate trainee's have responded to a number of questions with no opinion. 
This could be due to the lack of work experience and not being able to fully 
understand the subject. Trainees showed that they are in favour of the use of such 
systems in training. They suggested that further support to the expert system can be 
gained if trainees were allowed more time and also allowed to do some preparation 
on the subject before starting the expert system. This could give them some 
background on the subject, whether through lecturing or reading. This suggestion by 
trainees agrees with the expert system development objectives as experts system are 
not intended to replace other methods of training but to contribute to the training 
program as a whole. The analysis also revealed that almost all the trainee's 
questionnaire responses and their expert system evaluation scores at the four levels 
did not seem to have a strong correlation. Most trainees did not consider the scores 
which they achieved in the expert system evaluation tests when they were giving 
their views on the general use of such systems in training. Trainee in both topics of 
the expert system were about 70% in favour of the expert system. This is considered 
to be a good result when trainees were newly introduced to the use of the 
187 
management training expert system. Factor analysis of the trainee responses has 
provided broad agreement to the variables chosen in chapter 5. 
In this research programme the depth of learning was not investigated because of 
time constraints and within the context of an undergraduate course, where equal 
levels of instruction are required, control groups could not be established. This 
aspect would form an essential part of the extension of the research. 
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Chapter 8 Conclusions and further work 
8.1 Introduction 
There is no doubt of the importance of management training in the construction 
industry. Although there has been a growing recognition of the need for training in 
many construction companies, controversy still exists as to the extent and quality of 
training required. One of the elements of this research was to investigate the 
attitudes of construction companies towards management training and the use of 
computer technology for such training. 
The research started with an attempt to examine different aspects of training 
management in the context of two different surveys. Both the management training 
literature survey and the results obtained from the Civil Engineers and Modern 
Management Practices survey confirmed that there is more work needed on 
management training to improve the managerial skills within the construction 
industry if its to meet the criteria which has been specified by the report of the 
Institution of Civil Engineers (1992). This has led to the introduction of the use of 
expert systems as a tool in management training programs. The research was 
finalised by an overall evaluation of the developed expert system model. 
8.2 Research achievements. 
The literature review has highlighted the importance of the recognition of 
individuai and company needs. If a construction company was to proceed with 
training, both individual and organisational needs must be considered and a mutual 
benefit derived. This can be achieved through the implementation of a human 
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resource development plan that will analyse the training needs of the company in 
relation to the company's strategy and also relate this to the needs of the individuals 
within the company. After identifying the main concepts of training management in 
human resource development, the current situation on management training and 
attitudes towards the use of computers within the construction industry was 
examined through a survey called "Civil Engineers and Management Practices". The 
management training literature and the survey analysis results revealed that although 
in recent years there has been an improvement in the way in which management 
training is perceived amongst different companies within the construction industry, 
there are still many problems to be solved. 
The research also revealed that attitudes to management training are better amongst 
contractors than consultants. This could be due to the fact that contractors only have 
management as their process where as consultants are largely technical. It seems that 
consultants have more to do towards improving their managerial skills. Survey 
results showed that they are still lagging behind in most aspects of management 
training. 
The answer to that problem could lie with the introduction of new management 
training policies and making full use of the management training technology which is 
now available. The contractors on the other hand recognised the value of 
management training and are making full use of its potential. 
The second stage of the survey dealt with the attitudes of construction companies 
towards the use of computing in performing different tasks. Analysis showed that 
consultants are more comfortable with and make more use of computers. This is to 
their advantage as using different computer software and expert systems can only 
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introduce more efficiency in different construction management fields. The analysis 
also showed that contractors seemed to be disturbingly uncomfortable with 
computers, highlighting the fact that there is a need for training in this area. The 
survey concluded that consultants need to do a lot more towards improving their 
managerial skills through management training courses. Contractors however proved 
to have higher management skills than consultants, but they would be advised to 
improve their computer familiarity as it could further enhance their managerial skills. 
Knowledge acquisition has played an important role in the development of the 
contract and safety management expert system models in this research. The 
knowledge acquired had to be reliable to provide the basis for writing the rules of the 
expert system which was achieved through the use of experts and published material. 
The expert system evaluation procedure that was applied in this research has 
highlighted the importance of training evaluation as a vital step if any training 
programme was to achieve its objectives. During the expert system evaluation 
trainees showed that they are in favour of using such systems in training. 
It is also concluded that further support to the expert system can be gained by 
allowing trainees to make some preparation on the subject before starting with the 
expert system, as it will give trainees a background to the subject. The trainees 
suggestion in this case agrees with the objective of introducing such expert systems 
in management training. Management training expert systems would be expected to 
contribute to the overall training program. 
The analysis also revealed that almost all trainees questionnaire responses and their 
expert system evaluation scores at the four levels did not have a strong correlation, 
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which suggests that most trainees did not consider the expert system scores which 
they have achieved when they were giving their views on the general use of such 
systems in management training. Trainees in both topics of the expert system were 
approximately 70% in favour of the expert system. This is considered to be a good 
result when trainees were new to this concept. Finally, evaluation has shown that 
common guidelines for expert system development and knowledge engineering have 
to be tailored to meet the objectives of a particular system. 
8.3 Recommendation for further research 
The following work can be undertaken in extending and improving the systems : 
Repeating the expert systems evaluation with a larger sample or samples of 
different professions in the field of construction management. This is required to 
give more feedback to the expert systems, and it may highlight other factors which 
need improving. 
Expansion of knowledge base to incorporate more domain knowledge. As 
knowledge advances in contract and safety management, the expert systems should 
be upgraded to offer up to date knowledge on the two subjects. 
Expansion of the systems to incorporate different branches of construction project 
management i.e. risk analysis, project procurements. 
An aspect to be further investigated is the depth of learning achieved through the 
use of expert system. This would entail a group to be split with some exposed to the 
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Evaluation questionnaire of the contract 
management expert system 
The Use of Expert Systems in Training 
Expert systems are used widely in the construction industry but not as yet within 
training. Therefore research is being undertaken at Edinburgh University to assess 
the effectiveness of an expert system within training. The system is an additional 
resource and is not intended to replace a lecture or a lecturer. 
This exercise within the Project Management course is intended :- 
a- to improve your knowledge of Contract Management 
b- to contribute towards evaluating the expert system. 
with the aid of the expert system; 
Within the 40 minutes allocated to each student, you should be able to: 
a- read the first page of this hand-out which provides a background and 
b- proceed through the expert system and make a note of the scores 
c- complete an evaluation on pages 3,4 and 5. 
gives instructions to the exercise; 
achieved on page 2; 
Please note that your answers are completely confidential 
Expert System on Contract Management 
This Expert System is a rule-based system, known as EXCONTR 1.2, and was 
developed using a shell (Crystal4.5). EXCONTR 1.2 contains four sections, the 
general section, basic section, intermediate section, and advanced section. 
You as the trainee will start at the general section, where you will be taken through 
an evaluation to determine your present level of knowledge on Contract 
Management. The system would decide on the next section, and you would cover 
various levels up to the advanced section, Please do not forget to note the score at 
the end of each level. On completion of the expert system, please fill in the 
subsequent feed back questionnaire. 
B. 1 
Section 2: Contract Management Evaluation Tests. 
As you go through the four sections, i.e. general, basic, intermediate and advanced, 
of the Contract Management expert system, you will be given your scores at the end 
of each evaluation test. 
Please enter them below. 
(a) General section final score (........) 
(b) Basic section final score (........) 
(c) Intermediate section final score (........) 
(d) Advanced section final score (........) 
B.2 
Section 3 : Feed back Questionnaire 
The feed back questionnaire is the final section and is to provide feed back on the 
expert system. 
Given below are a series of statements to which you circle the number 
corresponding to your view. They are graded as follows: 
1 Strongly agree with statement 
2 Slightly agree with statement 
3 Have no opinion either way 
4 Slightly disagree with statement 
5 Strongly disagree with statement 
strongly strongly 
agree disagree 
1 .  Titles and screen formats are easy to follow. 
2. Information is well presented within the knowledge base. 
3. Keyboard instruction are clear. 
4. System sections (general, basic, intermediate, advanced) have 
covered most parts of the topic. 
5.  Using expert systems in training can improve work 
effectiveness 
6. Knowledge display forms gives a clear understanding to 
the subjects. 
7. Expert system evaluation tests were well structured. 
8. I would rather use an expert system for training than a lecturer. 
9. Training expert systems are so complicated I would rather do 
my work conventionally. 
10 .I think that expert systems for training should be used 
as a supporting tool during training courses. 
11. More knowledge is required on Contract Management 
in order to cover the four evaluation tests 
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
B.3 
12. An expert system tool in other topics of project management 1 2 3 4 5  
will lead to a better understanding to the subject 
13. I feel that expert system for training is a beneficial tool in both 
education and industrial settings. 1 2 3 4 5  
14. The expert system for training has improved the quality of my 1 2 3 4 5 
knowledge in Contract Management. 
15. I find the evaluation questions within the expert system are 
16. The use of expert system in training can save a lot of time. 
17. Knowledge of Contract Management was not required prior 
18. I feel that I have improved my knowledge by performing 
1 2 3 4 5  
easy to understand. 
1 2 3 4 5  
1 2 3 4 5  
to using the expert system. 
1 2 3 4 5  
the evaluation training programme. 
19. Doing some reading before using the expert system could help 1 2 3 4 5 
in a deeper understanding of the questions. 
20. The timing of the training program was very good. 
2 1. Key points in the display forms can be found easily. 
22. Speed of navigation through the expert system was adequate. 
23. Higher training efficiency can be achieved with such an 
24. I feel more confident in all aspects of Contract 
25. More display forms on Contract Management are 
26. If I used computers in training I could save time and work. 
27. Expert systems are superior to human in processing 
28. More effort is needed from both computer science and 
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
expert system. 
1 2 3 4 5  
Management after going through the expert system. 
1 2 3 4 5  
required in the knowledge base. 
1 2 3 4 5  
1 2 3 4 5  
information. 
1 2 3 4 5  
project management researchers to build more comprehensive 
expert systems. 
29. I think the evaluation of trainees after going through a training 1 2 3 4 5 
programme is an important step in achieving higher standards. 
30. Written information in Contract Management should be 1 2 3 4 5  
provided prior to trainee starting the test. 
B.4 
31. Trainee performance can be easily followed through all 
sections of the evaluation tests. 
32. It is useful at an early stage to define performance 
levels in the evaluation . 
33. Wording of questions and options are clear. 
34. The expansion of new technologies is making working 
conditions better. 
35. I feel that computers are necessary tools in both education 
and work 
36. I had no earlier experience on the subject of 
Contract Management. 
37. I felt that the expert system was too difficult for me. 
38. I think Contract Management is still not explored well 
in engineering areas. 
39. It is important to learn from experts experience 
40. I look forward to computers taking over certain routine 
tasks. 
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
12345 
1 2 3 4 5  
1 2 3 4 5  
Please don't forget to return the questionnaire when you have completed it. 













































































































Evaluation questionnaire of the safety management 
expert system 
The Use of Expert Systems in Training 
Expert systems are used widely in the construction industry but not as yet within 
training. Therefore research is being undertaken at Edinburgh University to assess 
the effectiveness of an expert system within training. The system is an additional 
resource and is not intended to replace a lecture or a lecturer. 
This exercise within the Project Management course is intended :- 
a- to improve your knowledge of Safety Management 
b- to contribute towards evaluating the expert system. 
with the aid of the expert system; 
Within the 30 minutes allocated to each student, you should be able to: 
a- read the first page of this hand-out which provides a background and 
b- proceed through the expert system and make a note of the scores 
c- complete an evaluation on pages 3 ,4  and 5. 
gives instructions to the exercise; 
achieved on page 2; 
Please note that your answers are completely confidential 
Expert System on Safety Management 
This Expert System is a rule-based system, known as EXSAFE 1.1, and was 
developed using a shell (Crystal4.5). EXSAFE 1.1 contains four sections, the 
general section. basic section, intermediate section, and advanced section. 
You as the trainee will start at the general section, where you will be taken through 
an evaluation to determine your present level of knowledge on Safety Management. 
The system would decide on the next section, and you would cover various levels up 
to the advanced section. Please do not forget to note the score at the end of each 
level. On completion of the expert system, please fill in the subsequent feed back 
questionnaire. 
You will be able to access EXSAFE 1.1 by :- 
Highlighting "MS DOS CRYSTAL" icon on project management group 1996. 
E. 1 
Section 2: Safety Management Evaluation Tests. 
As you go through the four sections, i.e. general, basic, intermediate and advanced, 
of the Safety Management expert system, you will be given your scores at the end of 
each evaluation test. 
Please enter them below. 
(a) General section final score (........) 
(b) Basic section final score (........) 
(c) Intermediate section final score (........) 
(d) Advanced section final score (........) 
E.2 
12. An expert system tool in other topics of project management 1 2 3 4 5  
will lead to a better understanding to the subject 
13. I feel that expert system for training is a beneficial tool in both 
education and industrial settings. 
14. The expert system for training has improved the quality of my 
knowledge in Safety Management. 
15. I find the evaluation questions within the expert system are 
easy to understand. 
16. The use of expert system in training can save a lot of time. 
17. Knowledge of Safety Management was not required prior 
to using the expert system. 
18. I feel that I have improved my knowledge by performing 
the evaluation training programme. 
19. Doing some reading before using the expert system could help 
in a deeper understanding of the questions. 
20. The timing of the training program was very good. 
2 1 .  Key points in the display forms can be found easily. 
22. Speed of navigation through the expert system was adequate. 
23. Higher training efficiency can be achieved with such an 
expert system. 
. 24. I feel more confident in all aspects of Safety 
Management after going through the expert system. 
25. More display forms on Safety Management are 
required in the knowledge base. 
26. If I used computers in training I could save time and work. 
27. Expert systems are superior to human in processing 
information. 
28. More effort is needed from both computer science and 
project management researchers to build more comprehensive 
expert systems. 
29. I think the evaluation of trainees after going through a training 
programme is an important step in achieving higher standards. 
30. Written information in Safety Management should be 
provided prior to trainee starting the test. 
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
E.4 
3 1 .  Trainee performance can be easily followed through all 
sections of the evaluation tests. 
32. It is useful at an early stage to define performance 
levels in the evaluation . 
33. Wording of questions and options are clear. 
34. The expansion of new technologies is making working 
conditions better. 
35. I feel that computers are necessary tools in both education 
and work 
36. I had no earlier experience on the subject of 
Safety Management. 
37. I felt that the expert system was too difficult for me. 
38. I think Safety Management is still not explored well 
in engineering areas. 
39. It is important to learn from experts experience 
40. I look forward to computers taking over certain routine 
tasks. 
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2 3  4 5  
1 2 3 4 5  
1 2 3 4 5  
1 2  3 4 5 
1 2 3 4 5  
1 2 3 4 5  
Please don't forget to return the questionnaire when you have completed it. 
DO NOT PUT YOUR NAME ANYWHERE ON THIS QUESTIONNAIRE, AS IT IS NOT 
NECESSARY. 
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Civil engineering management questionnaire 
TMENT of CIVIL ENGINERRING 
and BUILDING SCIENCE 
CIVIL ENGINEERING MANAGEMENT QUESTIONNAIRE 
Please tick the boxes provided and where appropriate please tick as many options as 
required. 
1. What is your age? 
2. Are you:- 
G. 1 
3. What is your position in the company? 
4. How many years have you spent in the Construction or Civil Engineering field? 
5. How many years have you been with this company? 
6 .  What are your professional qualifications? Please mark as many as appropriate. 
G.2 
7. In what parts of the world have you worked and for how long? 
Please mark as many as appropriate. 
U.K. Years-Months- 
Western Europe Years-Months- 
Eastern Europe Years-Months- 
Africa Years-Months- 
Northern America Years-Months- 
Southern America Years-Months- 
Middle East Years-Months- 
Far East Years-Months- 
Australia & New Zealand Years-Months- 
Others [Please Specify] 
8. Today many companies run management training schemes. Have you ever 
participated in such a management training scheme? 
9. Does your firm use management training schemes? Yes 
No 
9a. If your firm does use management training schemes are 
they organised by your firm or by another company? 
By us 
By another company [Please specify which company] 
G.3 
10. Does your firm either run or use a Quality Assurance scheme? 
10a. If your firm does run a Quality Assurance scheme is it 
an in house scheme or is it organised by a Q.A. company? 
11. Do you have a computer at home? 
11a. If you do have a computer at home who would 
you say uses it most? 
12. How useful do you feel computer technology is for engineering purposes? 
I feel it is:- 
G.4 
13. How useful do you feel computer technology is for management purposes? 
I feel it is:- 
14. How comfortable do you feel about using a computer? 
15. Does your company have a computer system? 
b YOUR COMPANY WES NOT HAVE A COMPUTER SYSTEM 
IT IS NOT NECESSARY TO ANSWER ANY FURTHER QUESTIONS 
16. What type of computer system is it? 
17. How long ago was the computer system introduced? 
18. What is it used for? [Please mark as many as appropriate] 
19. Was a feasibility study carried out prior to the system being introduced? 
20. How would you say the system is the performing in relation to what was 
expected from it? 
G.6 
21. Did the actual cost of the system match the estimated cost of the system? 
22. How long did the installation and introduction of the system take? 
23. How long was it before benefits were gained from having the system? 
24. Have there been noticeable improvements in the areas designed to benefit from 
the computer system? 
25.  Is the software that is used on the computer purchased from an external source or 
is it designed by your company? 
26. Is special training needed to use the software? 
27. Is training provided to use the system? 
G.7 
28. What percentage of your time would you say you spent using your 
computer at work? 
29. Which of the following aspects of a manager's work has the computer 
system aided? 
30. Has the computer system ever resulted in any re-organisation of the company 
structure either directly or indirectly? 
30a. If you answered yes to the above question please mark 
which of the following areas were reorganised 
G.8 
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